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Linear Products 


The Linear Division, one of four 
Signetics product divisions, is a major 
supplier of a broad line of linear integrat- 
ed circuits ranging from high perfor- 
mance application specific designs to 
many of the more popular industry stan- 
dard devices. 


A fifth Signetics division, the Military 
Division, provides military-grade integrat- 
ed circuits, including Linear. Please con- 
sult the Signetics Military data book for 
information on such devices. 


Employing Signetics’ high quality pro- 
cessing and screening standards, the 
Linear Division is dedicated to providing 
high-quality linear products to our cus- 
tomers worldwide. 


The three 1987 Linear Data and Applica- 
tions Manuals provide extensive techni- 
cal data and application information for a 


February 1987 


Preface 


broad range of products serving the 
needs of a wide variety of markets. 


Volume 1— Communications: 
Contains data and application informa- 
tion concerning our radio and audio 
circuits, Compandors, phase-locked 
loops, compact disc circuits, and ICs for 
RF communication, telephony and mo- 
dem applications. 


Volume 2 — Industrial: 

Contains data and application informa- 
tion concerning our data conversion 
products (analog-to-digital and digital-to- 
analog), sample-and-hold circuits, com- 
parators, driver/receiver ICs, amplifiers, 
position measurement devices, power 
conversion and control ICs and music/ 
speech synthesizers. 


Volume 3 — Video: 
Contains data and application informa- 
tion concerning our video products. This 


includes tuning, video IF and audio IF 
circuits, sync processors/generators, 
color decoders and encoders, video pro- 
cessing ICs, vertical deflection circuits, 
Videotex and Teletext ICs and power 
supply controllers for video applications. 


Each volume contains extensive pro- 
duct-specific application information. In 
addition there are selector guides and 
product-specific symbols and definitions 
to facilitate the selection and under- 
standing of Linear products. A functional 
Table of Contents for each of the three 
volumes and a complete product and 
application note listing is also included. 


Although every effort has been made to 
ensure the accuracy of information in 
these manuals, Signetics assumes no 
liability for inadvertent errors. 


Your suggestions for improvement in 
future editions are welcome. 
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Data Sheet 
Identification Product Status 
Objective Specification Formative or In Design 


Preliminary Specification Preproduction Product 


Product Specification Full Production 


DEFINITIONS 


Definition 


This data sheet contains the design target or goal 
specifications for product development. Specifications may 
change in any manner without notice. 


This data sheet contains preliminary data and supplementary 
data will be published at a later date. Signetics reserves the 
right to make changes at any time without notice in order to 
improve design and supply the best possible product. 


This data sheet contains Final Specifications. Signetics 
reserves the right to make changes at any time without 
notice in order to improve design and supply the best 
possible product. 
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ADC0801/2/3/4/5 


ADC0820 
AM6012 
CA3089 


DAC-08 Series 


DAC800 
HEF4750V 
HEF4751V 
ICM7555 
LF198 
LF298 
LF398 
LM111 
LM119 
LM124 
LM139/A 
LM158 
LM193/A 
LM211 
LM219 
LM224 
LM239/A 
LM258 
LM293/A 
LM311 
LM319 
LM324 
LM339/A 
LM358 
LM393/A 
LM1870 
LM2901 
LM2903 
MC1408-7 
MC1408-8 
MC1458 
MC1488 
MC1489/A 
MC1496 
MC1508-8 
MC1558 
MC3302 
MC3303 
MC3361 
MC3403 
MC3410 
MC3410C 
MC3503 
MC3510 
NE/SE521 
NE/SE522 
NE/SE527 
NE/SE529 
NE/SE530 
NE/SE531 
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Product List 


8-Bit CMOS A/D Converter 

8-Bit CMOS A/D Converter 

12-Bit Multiplying D/A Converter 

FM IF System 

8-Bit High-Speed Multiplying D/A Converter 
12-Bit D/A Converter 

Frequency Synthesizer 

Universal Divider 

CMOS Timer 

Sample-and-Hold Amplifier 
Sample-and-Hold Amplifier 
Sample-and-Hold Amplifier 

Voltage Comparator 

Dual Voltage Comparator 

Low Power Quad Operational Amplifier 
Quad Voltage Comparator 

Low Power Dual Operational Amplifier 

Low Power Dual Voltage Comparator 
Voltage Comparator 

Dual Voltage Comparator 

Low Power Quad Operational Amplifier 
Quad Voltage Comparator 

Low Power Dual Operational Amplifier 

Low Power Dual Voltage Comparator 
Voltage Comparator 

Dual Voltage Comparator 

Low Power Quad Operational Amplifier 
Quad Voltage Comparator 

Low Power Dual Operational Amplifier 

Low Power Dual Voltage Comparator 
Stereo Demodulator With Blend 

Quad Voltage Comparator 

Low Power Dual Voltage Comparator 

8-Bit Multiplying D/A Converter 

8-Bit Multiplying D/A Converter 

General Purpose Operational Amplifier 
Quad Line Driver 

Quad Line Receivers 

Balanced Modulator/Demodulator 

8-Bit Multiplying D/A Converter 

General Purpose Operational Amplifier 
Quad Voltage Comparator 

Quad Low Power Operational Amplifier 
Low Power FM IF 

Quad Low Power Operational Amplifier 
10-Bit High-Speed Multiplying D/A Converter 
10-Bit High-Speed Multiplying D/A Converter 
Quad Low Power Operational Amplifier 
10-Bit High-Speed Multiplying D/A Converter 
High-Speed Dual Differential Comparator/Sense Amp 
High-Speed Dual Differential Comparator/Sense Amp 
Voltage Comparator 

Voltage Comparator 

High Slew Rate Operational Amplifier 

High Slew Rate Operational Amplifier 
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Vol 1 


4-110 


4-174 
4-184 


7-114 


4-116 


Vol 2 


5-11 
5-18 
5-100 


5-111 
5-124 


7-3 
5-317 
5-317 
5-317 
5-254 
5-257 

4-29 
5-263 
4-123 
5-271 
5-254 
5-257 

4-29 
5-263 
4-123 
5-271 
5-254 
5-257 

4-29 
5-263 
4-123 
5-271 


5-263 
5-271 
5-130 
5-130 
4-34 
6-4 
6-8 


5-130 
4-34 
5-263 
4-40 


4-40 
5-136 
5-136 

4-40 
5-136 
5-285 
5-290 
5-296 
5-301 

4-53 

4-60 
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NE/SA532 
NE/SE538 
NE542 
NE544 
NE/SE555 
NE/SA/SE556/1 
NE/SA/SE558 
NE/SE564 
NE/SE565 
NE/SE566 
NE/SE567 
NE568 
NE570 
NE/SA571 
NE/SA572 
NE575 
NE587 
NE589 
NE590 
NE591 
NE/SE592 
NE/SA594 
NE602 
NE604 
NE605 
NE612 
NE614 
NE645 
NE646 
NE648 
NE649 
NE650 
NE/SE4558 
NE/SE5018 
NE/SE5019 
NE5020 
NE/SE5030 
NE5034 
NE5036 
NE5037 
NE5044 
NE5045 
NE5050 
NE5060 
NE5080 
NE5081 
NE5090 
NE/SA/SE5105/A 
NE/SE5118 
NE/SE5119 
NE5150 
NE5151 
NE5152 
NE5170 
NE5180 
NE5181 
NE5204 
NE/SA/SE5205 
NE/SA5212 
NE/SA5230 
NE5240 
NE/SE5410 
NE/SE5512 
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Low Power Dual Operational Amplifier 

High Slew Rate Operational Amplifier 

Dual Low-Noise Preamplifier 

Servo Amplifier 

Timer 

Dual Timer 

Quad Timer 

Phase-Locked Loop 

Phase-Locked Loop 

Function Generator 

Tone Decoder/Phase-Locked Loop 

150MHz Phase-Locked Loop 

Compandor 

Compandor 

Programmable Analog Compandor 

Low Voltage Compandor 

LED Decoder/Driver 

LED Decoder/Driver 

Addressable Peripheral Drivers 

Addressable Peripheral Drivers 

Video Amplifier 

Vacuum Fluorescent Display Driver 

Low Power VHF Mixer/Oscillator 

Low Power FM IF System (Independent IF Amp) 
Low Power FM IF System 

Low Power VHF Mixer/Oscillator 

Low Power FM IF System (Independent IF Amp) 
Dolby Noise Reduction Circuit 

Dolby Noise Reduction Circuit 

Low Voltage Dolby Noise Reduction Circuit 
Low Voltage Dolby Noise Reduction Circuit 
Dolby B-Type Noise Reduction Circuit 

Dual General Purpose Operational Amplifier 
8-Bit Microprocessor-Compatible D/A Converter 
8-Bit Microprocessor-Compatible D/A Converter 
10-Bit Microprocessor-Compatible D/A Converter 
10-Bit High-Speed Microprocessor-Compatible A/D 
8-Bit High-Speed A/D Converter 

6-Bit A/D Converter (Serial Output) 

6-Bit A/D Converter (Parallel Outputs) 
Programmable Seven-Channel RC Encoder 
Seven-Channel RC Decoder 

Power Line Modem 

Sample-and-Hold Circuit 

High-Speed FSK Modem Transmitter 
High-Speed FSK Modem Receiver 
Addressable Relay Driver 

12-Bit High-Speed Comparator 

8-Bit Microprocessor-Compatible D/A Converter 
8-Bit Microprocessor-Compatible D/A Converter 
RGB Video D/A Converter 

RGB Video D/A Converter 

RGB Video D/A Converter 

Octal Line Driver 

Octal Line Receiver 

Octal Line Receiver 

Wideband High Frequency Amplifier 

Wideband High Frequency Amplifier 
Transimpedance Amplifier 

Low Voltage Operational Amplifier 

Dolby Digital Audio Decoder 

10-Bit High-Speed Multiplying D/A Converter 
Dual High Performance Operational Amplifier 
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Vol 1 


7-167 


4-257 
4-291 
4-304 
4-313 
4-333 
4-357 
4-357 
4-364 
4-373 


4-46 


4-69 
4-119 
4-142 

4-90 
4-146 
7-230 
7-230 
7-235 
7-235 
7-240 


5-26 


5-44 
5-48 


5-14 
5-21 
5-21 

4-3 
4-14 
5-63 


7-226 


Vol 2 


4-123 
4-68 


8-34 
7-47 
7-32 
7-38 


6-49 
6-59 
6-34 
6-34 
4-231 
6-74 


4-178 


4-201 


4-48 
5-144 
5-150 
5-156 

5-31 

5-36 

5-43 

5-50 

8-4 

8-16 


5-322 


6-28 
5-277 
5-164 
5-169 
5-181 
5-181 
5-181 

6-14 

6-21 

6-21 
4-155 
4-166 
4-267 
4-109 


5-208 
4-75 


Vol 3 


11-109 


11-25 
11-25 
11-25 


11-66 
11-77 
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NE/SE5514 
NE5517/A 
NE5520 
NE/SE5521 
NE/SE5532/A 
NE5533/A 
NE5534A 
NE/SE5535 
NE/SE5537 
NE/SE5539 
NE/SE5560 
NE/SE5561 
NE/SA/SE5562 
NE5568 
NE/SA/SE5570 
NE5592 
NE5900 
OM8210 
PCD3310 
PCD331 1 
PCD3312 
PCD3315 
PCD3360 
PCF1303 
PCF2100 
PCF2111 
PCF2112 
PCF8200 
PCF8566 
PCF8570 
PCF8571 
PCF8573 
PCF8574 
PCF8576 
PCF8577 
PCF8582 
PCF8591 
PNA7509 
PNA7518 
SA532 
SA534 
SA556/1 
SA558 
SA571 
SA572 
SA594 
SA723C 
SA741C 
SA747C 
SA1458 
SA5205 
SA5212 
SA5230 
SA5534A 
SA5562 
SA5570 
SAA1027 
SAA1057 
SAA1060 
SAA1061 
SAA1099 
SAA3004,T 
SAA3006 
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Quad High Performance Operational Amplifier 
Dual Operational Transconductance Amplifier 
LVDT Signal Conditioner 
LVDT Signal Conditioner 


Internally-Compensated Dual Low-Noise Operational Amp 


Single and Dual Low-Noise Operational Amp 
Single and Dual Low-Noise Operational Amp 
Dual High Slew Rate Op Amp 
Sample-and-Hold Amplifier 

Ultra High Frequency Operational Amplifier 
Switched-Mode Power Supply Control Circuit 
Switched-Mode Power Supply Control Circuit 
SMPS Control Circuit, Single Output 
Switched-Mode Power Supply Controller 
Three-Phase Brushless DC Motor Driver 
Video Amplifier 

Call Progress Decoder 

Speech Encoding and Editing System 

Pulse and DTMF Dialer With Redial 
DTMF/Modem/Musical Tone Generator 
DTMF/Modem/Musical Tone Generator 
CMOS Redial and Repertory Dialer 
Programmable Multi-Tone Telephone Ringer 
18-Element LCD Bar Graph LCD Driver 
LCD Duplex Driver 

LCD Duplex Driver 

LCD Driver 

Single-Chip CMOS Male/Female Speech Synthesizer 
Universal LCD Driver for Low Multiplex Rates 
256 X 8 Static RAM 

1K Serial RAM 

Clock/Calendar With Serial 1/O 

8-Bit Remote I/O Expander 

Universal LCD Driver for Low Multiplex Rates 
32/64 Segment LCD Driver for Automotive 
20 CMOS EPROM (256 x 8) 

8-Bit A/D and D/A Converter 

7-Bit A/D Converter 

8-Bit Multiplying DAC 

Low Power Dual Operational Amplifier 

Low Power Quad Operational Amplifier 

Dual Timer 

Quad Timer 

Compandor 

Programmable Analog Compandor 

Vacuum Fluorescent Display Driver 

Precision Voltage Regulator 

General Purpose Operational Amplifier 

Dual Operational Amplifier 

General Purpose Operational Amplifier 
Wide-band High Frequency Amplifier 
Transimpedance Amplifier 

Low Voltage Operational Amplifier 

Single and Dual Low-Noise Operational Amp 
SMPS Control Circuit, Single Output 
Three-Phase Brushless DC Motor Driver 
Stepper Motor Driver 

PLL Radio Tuning Circuit 

LED Display Interface 

Output Port Expander 


Stereo Sound Generator for Sound Effects and Music 


IR Transmitter (448 Commands) 
IR Transmitter (2k Commands, Low Voltage) 
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Vol 1 


4-26 


4-357 
4-364 


4-14 
5-63 


4-193 


8-16 


Vol 2 


4-81 
4-251 
5-338 
5-358 

4-87 

4-93 

4-93 
4-129 
5-327 
4-211 

8-67 

8-86 

8-97 
8-129 

8-45 
4-225 


6-79 
6-83 
6-90 
6-95 


6-100 


7-12 
7-24 
6-120 
6-141 


5-59 
5-71 
5-217 
4-123 
4-29 
7-32 
7-38 


6-74 
8-211 
4-142 
4-148 

4-34 
4-166 
4-267 
4-109 

4-93 

8-97 

8-45 

8-49 


6-152 
6-155 


Vol 3 


11-89 


11-103 


4-3 
4-12 
4-21 
4-33 


4-41 


11-14 
11-52 


11-77 


5-13 
5-29 
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SAA3027 
SAA3028 


SAA5025D 


SAA5030 
SAA5040 
SAA5045 
SAA5050 
SAA5055 
SAA5230 
SAA5350 
SAA7210 
SAA7220 
SAA9001 
SAB1164 
SAB1165 
SAB1256 
SAB3013 
SAB3035 
SAB3036 
SAB3037 
SAF1032P 
SAF1039P 
SE521 
SE522 
SE527 
SE529 
SE530 
SE531 
SE532 
SE538 
SE555 
SE555C 
SE556-1C 
SE556/-1 
SE558 
SE564 
SE565 
SE566 
SE567 
SE592 
SE4558 
SE5018 
SE5019 
SE5030 
SE5118 
SE5119 
SE5205 
SE5212 
SE5410 
SE5512 
SE5514 
SE5521 
SE5532/A 
SE5534A 
SE5535 
SE5537 
SE5539 
SE5560 
SE5561 
SE5562 
SE5570 
SG1524C 
SG2524C 
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IR Transmitter 

IR Remote Control Transcoder With |2C 

Teletext Timing Chain for 525-Line System 

Teletext Video Input Processor 

Teletext Acquisition and Control Circuit 

Gearing and Address Logic Array (GALA) 

Teletext Character Generator 

Teletext Character Generator 

Teletext Video Processor 

Single-Chip Color CRT Controller (625-Line System) 
Compact Disk Decoder 

Digital Filter and Interpolator for Compact Disk 
317k-Bit CCD Memory 

1GHz Divide-by-64 Prescaler 

1GHz Divide-by-64 Prescaler 

1GHz Divide-by-256 Prescaler 

Hex 6-Bit D/A Converter 

FLL Tuning and Control Circuit (Eight D/A Converters) 
FLL Tuning and Control Circuit 

FLL Tuning and Control Circuit (Four D/A Converters) 
Remote Control Receiver 

Remote Control Transmitter 

High-Speed Dual Differential Comparator/Sense Amp 
High-Speed Dual Differential Comparator/Sense Amp 
Voltage Comparator 

Voltage Comparator 

High Slew Rate Operational Amplifier 

High Slew Rate Operational Amplifier 

Low Power Dual Operational Amplifier 

High Slew Rate Operational Amplifier 

Timer 

Timer 

Dual Timer 

Dual Timer 

Quad Timer 

Phase-Locked Loop 

Phase-Locked Loop 

Function Generator 

Tone Decoder/Phase-Locked Loop 

Video Amplifier 

Dual General Purpose Operational Amplifier 

8-Bit Microprocessor-Compatible D/A Converter 
8-Bit Microprocessor-Compatible D/A Converter 


10-Bit High-Speed Microprocessor-Compatible A/D Converter 


8-Bit Microprocessor-Compatible D/A Converter 
8-Bit Microprocessor-Compatible D/A Converter 
Wide-band High Frequency Amplifier 
Transimpedance Amplifier 

10-Bit High-Speed Multiplying D/A Converter 
Dual High Performance Operational Amplifier 
Quad High Performance Operational Amplifier 
LVDT Signal Conditioner 


Internally-Compensated Dual Low-Noise Operational Amp 


Single and Dual Low-Noise Operational Amp 
Dual High Slew Rate Op Amp 
Sample-and-Hold Amplifier 

Ultra High-Frequency Operational Amplifier 
Switched-Mode Power Supply Control Circuit 
Switched-Mode Power Supply Control Circuit 
SMPS Control Circuit, Single Output 
Three-Phase Brushless DC Motor Driver 
Improved SMPS Push-Pull Controller 
Improved SMPS Push-Pull Controller 
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Vol 1 


7-329 
7-343 


4-163 
4-163 
4-168 


4-257 
4-291 
4-304 
4-313 

4-46 


4-14 
5-63 


4-26 


Vol 2 


5-285 
5-290 
5-296 
5-301 
4-53 
4-60 
4-123 
4-68 
7-47 
7-47 
7-32 
7-32 
7-38 


4-231 
4-48 
5-144 
5-150 
5-31 
5-164 
5-169 
4-166 
4-267 
5-208 
4-75 
4-81 
5-358 
4-87 
4-93 
4-129 
5-327 
4-211 
8-67 
8-86 
8-97 
8-45 
8-131 
8-131 


11-109 


11-77 


11-89 
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SG3524 
SG3524C 
SG3526A 
TBA120 
TCA520 
TDA1001B 
TDA1005A 
TDA1010A 
TDA1011A 
TDA1013A 
TDA1015 
TDA1020 
TDA1023 
TDA1029 
TDA1072A 
TDA1074A 
TDA1510 
TDA1512 
TDA1514 
TDA1515A 
TDA1520A 
TDA1521 
TDA1522 
TDA1524A 
TDA1534 
TDA1535 


TDA1540 
TDA1541 
TDA1574 
TDA1576 


TDA1578A P} 


TDA1721 
TDA2540 
TDA2541 
TDA2545A 
TDA2546A 
TDA2549 
TDA2555 
TDA2577A 
TDA2578A 
TDA2579 
TDA2582 
TDA2593 
TDA2594 
TDA2595 
TDA2611A 
TDA2653A 


TDA3047,T 
TDA3048,T 


TDA3505 
TDA3563 
TDA3564 
TDA3566 
TDA3567 
TDA3651A 
TDA3652 
TDA3653 
TDA3654 
TDA3810 
TDA4501 
TDA4502 
TDA4503 
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SMPS Control Circuit 

Improved SMPS Push-Pull Controller 
Switched-Mode Power Supply Control Circuits 
IF Amplifier and Demodulator 

Operational Amplifier (Low Voltage) 
Interference Suppressor 

Frequency Multiplex PLL Stereo Decoder 
6W Audio Amplifier With Preamplifier 

2 to 6W Audio Power Amplifier With Preamplifier 
4W Audio Amplifier With DC Volume Control 
1 to 4W Audio Amplifier With Preamplifier 
12W Audio Amplifier With Preamplifier 
Time-Proportional Triac Trigger 

Stereo Audio Switch 

AM Receiver Circuit 

DC-Controlled Dual Potentiometers 

2 X 12W Audio Amplifier 

12 to 20W Audio Amplifier 

40W High-Performance Hi-Fi Amplifier 

24W BTL Audio Amplifier 

20W Hi-Fi Audio Amplifier 

2 X 12W Hi-Fi Audio Power Amplifier 

Stereo Cassette Preamplifier 
Stereo-Tone/Volume Control Circuit 

14-Bit A/D Converter, Serial Output 


High Performance Sample and Hold Amplifier With Resolution to 


16 Bits 

14-Bit DAC — Serial Output 

16-Bit Dual D/A Converter, Serial Output 

FM Front End IC (VHF Mixer and Oscillator) 
FM IF System 

PLL Stereo Decoder 

8-Bit Multiplying D/A Converter 

Video IF Amplifier and Demodulator, AFT, NPN Tuners 
Video IF Amplifier and Demodulator, AFT, PNP Tuners 
Quasi-Split Sound IF System 

Quasi-Split Sound IF and Sound Demodulator 
Multistandard Video IF Amplifier and Demodulator 
Dual TV Sound Demodulator 

Sync Circuit With Vertical Oscillator and Driver 
Sync Circuit With Vertical Oscillator and Driver 
Synchronization Circuit 

Control Circuit for Power Supplies 

Horizontal Combination 

Horizontal Combination 

Horizontal Combination 

5W Audio Output Amplifier 

Vertical Deflection Circuit With Oscillator 

IR Preamplifier 

IR Preamplifier 

Chroma Control Circuit 

NTSC Decoder With RGB Inputs 

NTSC Decoder 

PAL/NTSC Decoder With RGB Inputs 

NTSC Color Decoder 

Vertical Deflection 

Vertical Deflection 

Vertical Deflection 

Vertical Deflection 

Spatial, Stereo, Pseudo-Stereo Processor 
Small Signal Subsystem IC for Color TV 


Complete Video IF IC With Vertical and Horizontal Sync 


Small Signal Subsystem for Monochrome TV 


1-11 


Vol 1 


7-43 
7-119 
7-246 
7-251 
7-255 
7-267 
7-272 


7-180 

7-3 
7-189 
7-276 
7-288 
7-293 
7-296 
7-307 
7-317 
7-174 
7-196 


7-355 
7-360 

4-96 
4-156 
7-129 


7-332 


7-204 


8-243 


5-78 
5-335 


5-221 
5-233 


5-239 


Vol 3 
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Alphanumeric Product List 


TDA4505 
TDA4555 
TDA4565 
TDA4570 
TDA4580 
TDA5030A 
TDA5040 
TDA5230 
TDA5702 
TDA5703 
TDA5708 
TDA5709 
TDA6800 
TDA7000 
TDA7010T 
TDA7021T 
TDA7040T 
TDA7050 
TDA8400 
TDA8432 
TDA8440 
TDA8442 


TDA8443/A 


TDA8444 
TDD1742 
TEA1017 
TEA1039 
TEA1046A 
TEA1060 
TEA1061 
TEA1067 
TEA1068 
TEA1075 
TEA1080 
TEA2000 
TEA5550 
TEA5560 
TEA5570 
TEA5580 
TEA5581 
TEA6000 
TEA6300 
UC1842 
UC2842 
UC3842C 
ULN2003 
ULN2004 
yA723 
yA723C 
yA733 
yA733/C 
pA741 
pA741C 
yA747 
yA747C 
yA758 
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Small Signal Subsystem IC for Color TV 
Multistandard Color Decoder 

Color Transient Improvement Circuit (CT]) 
NTSC Color Difference Decoder 


Video Control Combination Circuit With Automatic Cut-Off Control 


VHF Mixer-Oscillator (VHF Tuner IC) 

Brushless DC Motor Driver 

VHF/UHF Mixer-Oscillator 

8-Bit Digital-to-Analog Converter 

8-Bit Analog-to-Digital Converter 

Photo Diode Signal Processor 

Radial Error Signal Processor 

Video Modulator Circuit 

Single-Chip FM Radio Circuit 

Single-Chip FM Radio Circuit (SO Package) 

Single Chip FM Radio Circuit 

PLL Stereo Decoder (Low Voltage) 

Low Voltage Mono/Stereo Power Amplifier 

FLL Tuning Circuit With Prescaler 

Deflection Processor With |?C Bus 

Video/Audio Switch 

Quad DAC With |°C Interface 

RGB/YUV Switch Inputs 

Octuple 6-Bit D/A Converter With |?C Bus 

CMOS Frequency Synthesizer 

13-Bit Serial-to-Parallel Converter 

Control Circuit for Switched-Mode Power Supply 
Transmission Interface With DTMF 

Telephone Transmission Circuit With Dialer Interface 
Telephone Transmission Circuit With Dialer Interface 
Low Voltage Transmission IC With Dialer Interface 
Low Voltage Transmission IC With Dialer Interface 
DTMF Generator for Telephone Dialing 

Supply IC for Telephone Peripherals 

Digital RGB to NTSC/PAL Encoder 

AM Radio Circuit 

FM IF System 

AM/FM Radio Receiver Circuit 

PLL Stereo Decoder 

PLL Stereo Decoder 


FM IF System and Computer Interface (MUSTI) Circuit 


I2C Active Tone Controller With Source Inputs 
Current Mode PWM Controller 

Current Mode PWM Controller 

Current Mode PWM Controller 

High Voltage/Current Darlington Transistor Array 
High Voltage/Current Darlington Transistor Array 
Precision Voltage Regulator 

Precision Voltage Regulator 

Differential Video Amplifier 

Differential Video Amplifier 

General Purpose Operational Amplifier 

General Purpose Operational Amplifier 

Dual Operational Amplifier 

Dual Operational Amplifier 

FM Stereo Multiplex Decoder Phase-Locked Loop 


1-12 


Vol 1 


4-102 
4-106 
7-366 
7-368 

7-49 

7-85 

7-90 
7-138 
7-326 
4-220 


7-210 


4-226 


7-154 


Vol 2 


8-57 


5-243 
5-84 


5-247 


6-158 
8-203 


8-216 
8-216 
8-216 

6-42 

6-42 
8-211 
8-211 
4-245 
4-245 
4-142 
4-142 
4-148 
4-148 


11-3 


14-12 


10-116 


11-123 
11-123 


Signetics Application Notes 
by Product Group 


Linear Products 


Vol 1 Vol 2 Vol 3 
Signal Processing 
AN140 Compensation Techniques for Use With the SE/NE5539 4-34 4-219 11-97 
AN141 Using the NE592/5592 Video Amplifier 4-55 4-240 11-118 
AN198 Designing With SA/NE602 4-75 
AN1981 New Low Power Single Sideband Circuits (NE602) 4-79 
AN1982 Applying the Oscillator of the NE602 in Low Power Mixer Applications 4-87 
AN199 Designing With the NE/SA604 4-130 4-189 
AN1991 Audio Decibel Level Detector With Meter Driver 4-140 4-199 
Frequency Synthesis 
AN196 Single-Chip Synthesizer For Radio Tuning 4-201 
AN197 Analysis and Basic Application of the SAA1057 (VBA8101) 4-208 
Phase-Locked Loops 
AN177 An Overview of Phase-Locked Loops (PLL) 4-236 
AN178 Modeling the PLL 4-241 
AN179 Circuit Description of the NE564 4-266 
AN180 The NE564: Frequency Synthesis 4-273 
AN1081 10.8MHz FSK Decoder With the NE564 4-277 
AN181 A 6MHz FSK Converter Design Example for the NE564 4-280 
AN182 Clock Regenerator With Crystal Controlled Phase-Locked VCO 4-282 
AN183 Circuit Description of the NE565 4-297 
AN184 Typical Applications With NE565 4-301 
AN185 Circuit Description of the NE566 4-309 
AN186 Waveform Generators With the NE566 4-310 
AN187 Circuit Description of the NE567 Tone Decoder 4-325 
AN188 Selected Circuits Using the NE567 4-330 
Compandors 
AN174 Applications for Compandors: NE570/571/SA571 4-341 
AN175 Automatic Level Control: NE572 4-372 
AN176 Compandor Cookbook 4-350 
Line Drivers/Receivers 
AN113 Applications Using the MC1488/1489 Line Drivers and Receivers 5-11 6-11 
AN195 Applications Using the NE5080/5081 5-52 
AN1950 Exploring the Possibilities in Data Communications 5-60 
AN1951 NE5050: Power Line Modem Application Board Cookbook 5-30 
Telephony 
AN1942 TEA1067: Application of the Low Voltage Versatile Transmission Circuit 6-88 
AN1943 TEA1067: Supply of Peripheral Circuits With the TEA1067 Speech Circuit 6-108 
Radio Circuits 
AN1961 TDA1072A: Integrated AM Receiver 7-15 
AN198 Designing With the SA/NE602 4-75 
AN1981 New Low Power Single Sideband Circuits (NE602) 4-79 
AN1982 Applying the Oscillator of the NE602 in Low Power Mixer Applications 4-87 
AN191 Stereo Decoder Applications Using the wA758 7-159 
AN192 A Complete FM Radio on a Chip 7-54 
AN193 TDA7000 for Narrow-Band FM-Reception 7-69 
AN199 Designing With the SA/NE604 7-130 
AN1991 Audio Decibel Level Detector With Meter Driver (NE604) 7-140 
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Application Notes by Product Group 


Vol 1 
Audio Circuits 
AN148 Audio Amplifier With TDA1013 7-258 
AN1481 Car Radio Audio Power Amplifiers up to 20W With the TDA1515 7-300 
AN149 20W Hi-Fi Power Amplifier With the TDA1520A 7-312 
AN1491 Car Radio Audio Power Amplifiers up to 24W With the TDA1510 7-280 
AN190 Applications of Low Noise Stereo Amplifiers: NE542 7-171 
Operational Amplifiers 
AN142 Audio Circuits Using the NE5532/33/34 
AN144 Applications for the NE5512 and NE5514 
AN1441 Applications for the NE5514 
AN1511 Low Voltage Gated Generator: NE5230 
AN160 Applications for the MC3403 
AN164 Explanation of Noise 
AN165 Integrated Operational Amplifier Theory 
AN166 Basic Feedback Theory 
High Frequency Amps 
AN199 Designing With the NE/SA604 4-130 
AN1991 Audio Decibel Level Detector With Meter Driver 4-140 
Video Amps 
AN140 Compensation Techniques for Use With the SE/NE5539 4-34 
AN141 Using the NE592/5592 Video Amplifier 4-55 
Transconductance 
AN145 NE5517: General Description and Applications for Use With the NE5517/A 
Transconductance Amplifier 
Data Conversion 
AN100 An Overview of Data Converters 
AN101 Basic DACs 
AN105 Digital Attenuator 
AN106 Using the DACO8 Without a Negative Supply 
AN108 An Amplifiying, Level Shifting Interface for the PNA7507 Video D/A Converter 
AN1081 NE5150/51/52: Family of Video D/A Converters 
AN109 Microprocessor-Compatible DACs 
AN110 Monolithic 14-Bit DAC With 85dB S/N Ratio 
Comparators 
AN116 Applications for the NE521/522/527/529 
Position Measurement 
AN118 LVDT Signal Conditioner: Applications Using the NE5520 
AN1181 NE5521 in a Modulated Light Source Design Application 
AN1182 NE5521 in Multi-faceted Applications 
Line Drivers/Receivers 
AN113 Applications Using the MC1488/1489 Line Drivers and Receivers 5-11 


Display Drivers 


AN112 


LED Decoder Drivers: Using the NE587 and NE589 


Serial-to-Parallel Converters 


AN103 


Timers 


AN170 
AN171 
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13-Bit Serial-to-Parallel Converter 


NE555 and NE556 Applications 
NE558 Applications 


Vol 2 


4-101 
4-78 
4-84 

4-121 
4-45 

4-8 
4-18 
4-25 


4-189 
4-199 


4-219 
4-240 


4-264 


5-306 


5-343 
5-363 
5-367 


6-11 


6-68 


6-163 


7-53 
7-42 


Vol 3 


11-97 
11-118 


11-20 
11-32 


Signetics Linear Products 


Application Notes by Product Group 


Vol 1 Vol 2 Vol 3 

Motor Control and Sensor Circuits 
AN127 Using the SAA1027 With Airpax Four-Phase Stepper Motors 8-52 
AN131 Applications Using the NE5044 Encoder 8-12 
AN1311 Low Cost A/D Conversion Using the NE5044 8-14 
AN132 Applications Using the NE5045 Decoder 8-22 
AN133 Applications Using the NE544 Servo Amplifier 8-40 
AN1341 Control System for Home Computer Robotics 8-23 
Switched-Mode Power Supply 
AN120 An Overview of SMPS 8-62 
AN121 Forward Converter Application Using the NE5560 8-82 
AN122 NE5560 Push-Pull Regulator Application 8-83 
AN123 NE5561 Applications 8-91 
AN124 External Synchronization for the NE5561 8-96 
AN125 Progress in SMPS Magnetic Component Optimization 8-225 
AN126 Applications Using the SG3524 8-190 
AN1261 High Frequency Ferrite Power Transformer and Choke 8-138 
AN128 Introduction to the Series-Resonant Power Supply 8-235 
AN1291 TDA1023: Design of Time-Proportional Temperature Controls 8-251 
Tuning Circuits 
AN157 Microcomputer Peripheral IC Tunes and Controls a TV Set: SAB3035 4-61 
Remote Control System 
AN172 Circuit Description of the Infrared Receiver TDA3047/TDA3048 5-60 
AN173 Low Power Preamplifiers for IR Remote Control Systems 5-62 
AN1731 SAA3004: Low Power Remote Control IR Transmitter and Receiver 5-20 

Preamplifiers 
Synch Processing and Generator 
AN158 Features of the TDA2595 Synchronization Processor 9-57 
AN162 A Versatile High-Resolution Monochrome Data and Graphics 9-25 
AN1621 Directives for a Print Layout Design on Behalf of the 

IC Combination TDA2578A and TDA3651 9-30 
Color Decoding and Encoding 
AN155/A Multi-Standard Color Decoder With Picture Improvement 10-3 
AN1551 Single-Chip Multi-Standard Color Decoder TDA4555/4556 10-73 
AN156 Application of the NTSC Decoder: TDA3563 10-25 
AN1561 Application of the TEA2000 Color Encoder 10-121 
Videotex/Teletext 
AN152 A Single-Chip CRT Controller ; 13-89 
AN153 The 5 Chip Set Teletext Decoder 13-3 
AN154 Teletext Decoders: Keeping up With the Latest Technology Advances 13-8 
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signetics Application Notes 
by Part Numbers 


Linear Products 


Vol 1 
DACO08 AN106: Using the DACO8 Without a Negative Supply 
MC1488 AN113: Using the MC1488/89 Line Drivers and Receivers 5-11 
MC1489/A AN113: Using the MC1488/89 Line Drivers and Receivers 5-11 
MC1496/1596 AN189: Balanced Modulator/Demodulator Applications Using 
the MC1496/1596 4-64 
MC3403 AN160: Applications for the MC3403 
NE5044 AN131: Applications Using the NE5044 Encoder 
AN1311: Low Cost A/D Conversion Using the NE5044 
AN1341: Control System for Home Computer and Robotics 
NE5045 AN132: Applications Using the NE5045 Decoder 
NE5050 AN1951: NE5050: Power Line Modem Application Board 
Cookbook 5-30 
NE5080/5081 AN195: Applications Using the NE5080, NE5081 5-52 
AN1950: Exploring the Possibilities in Data Communications 5-60 
NE5150/51/52 AN1081: NE5150/51/52 Family of Video D/A Converters 
NE521 AN116: Applications for the NE521/522/527/529 
NE522 AN116: Applications for the NE521/522/527/529 
NE5230 AN1511: Low Voltage Gated Generator: NE5230 
NE527 AN116: Applications for the NE521/522/527/529 
NE529 AN116: Applications for the NE521/522/527/529 
NE531 AN1511: Low Voltage Gated Generator: NE5230 
NE542 AN190: Applications of Low Noise Stereo Amplifiers: NE542 7-171 
NE544 AN133: Applications Using the NE544 Servo Amplifier 
NE5512/5514 AN144: Applications for the NE5512 
AN1441: Applications for the NE5514 
NE5517 AN145: NE5517: General Description and Applications for 
Use With the NE5517/A Transconductance Amplifier 
NE5520 AN118: LVDT Signal Conditioner: Applications Using the 
NE5520 
NE5521 AN1181: NE5521 in a Modulated Light Source Design 
Application 
AN1182: NE5521 in Multi-faceted Applications 
NE5532/33/34 AN142: Audio Circuits Using the NE5532/33/34 
NE5539 AN140: Compensation Techniques for Use With the 
SE/NE5539 4-34 
NE555 AN170: NE555 and NE556 Applications 
NE556 AN170: NE555 and NE556 Applications 
NE/SE5560 AN121: Forward Converter Application Using the NE5560 
AN122: NE5560 Push-Pull Regulator Application 
AN125: Progress in SMPS Magnetic Component 
Optimization 
NE/SE5561 AN123: NE5561 Applications 
AN124: External Synchronization for the NE5561 
AN125: Progress in SMPS Magnetic Component 
Optimization 
NE/SE5562 AN125: Progress in SMPS Magnetic Component 
Optimization 
NE/SE5568 AN125: Progress in SMPS Magnetic Component 
Optimization 
NE558 AN171: NE558 Applications 
NE564 AN179: Circuit Description of the NE564 4-266 
AN180: The NE564: Frequency Synthesis 4-273 
AN1801: 10.8MHz FSK Decoder With the NE564 4-277 
AN181: A 6MHz FSK Converter Design Example for the 
NE564 4-280 
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Vol 2 


5-123 
6-11 
6-11 


4-45 
8-12 
8-14 
8-23 
8-22 


5-188 
5-306 
5-306 
4-121 
5-306 
5-306 
4-121 


8-40 
4-78 
4-84 


4-264 


5-343 


5-363 
5-367 
4-101 


4-219 
7-53 
7-53 
8-82 
8-83 


8-225 
8-91 
8-96 

8-225 

8-225 


8-225 
7-42 


Vol 3 


11-32 


11-97 


Signetics Linear Products 


Application Notes by Part Numbers 


Vol 1 Vol 2 Vol 3 
NE564 AN182: Clock Regenerator With Crystal Controlled 
Phase-Locked VCO 4-282 
NE565 AN183: Circuit Description of the NE565 4-297 
AN184: FSK Demodulator With NE565 4-301 
NE566 AN185: Circuit Description of the NE566 4-309 
AN186: Waveform Generators With the NE566 4-310 
NE567 AN187: Circuit Description of the NE567 Tone Decoder 4-325 
AN188: Selected Circuits Using the NE567 4-330 
NE570/571/SA571 AN174: Applications for Compandors: NE570/571/SA571 4-341 
NE572 AN175: Automatic Level Control: NE572 4-372 
NE587/589 AN112: LED Decoder Drivers: Using the NE587 and NE589 6-68 
NE592/5592 AN141: Using the NE592/5592 Video Amplifier 4-55 4-240 11-118 
NE/SA602 AN198: Designing With the NE/SA602 4-75 
AN1981: New Low Power Single Sideband Circuits (NE602) 4-79 
AN1982: Applying the Oscillator of the NE602 in Low Power 
Mixer Applications 4-87 
NE/SA604 AN199: Designing With the NE/SA604 4-130 4-189 
AN1991: Audio Decibel Level Detector With Meter Driver 
(NE602) 4-140 4-199 
PCF8570 AN167: PCF8570: Twisted-Pair Bus Carries Speech, Data, 
Text and Images ~ - ~ 
PNA7509 AN108: An Amplifying, Level Shifting Interface for the 
PNA7509 Video D/A Converter 5-77 11-20 
SAA1027 AN127: Using the SAA1027 With Airpax Four-Phase Stepper 
Motors 8-52 
SAA1057 AN196: Single-Chip Synthesizer for Radio Tuning 4-201 
AN197: Analysis and Basic Application of the SAA1057 4-208 
SAA3004 AN1731: SAA3004: Low Power Remote Control IR 
Transmitter and Receiver Preamplifiers 5-20 
SAA5025D AN153: The 5 Chip Set Teletext Decoder 13-3 
SAA5030 AN153: The 5 Chip Set Teletext Decoder 13-3 
SAA5040 AN153: The 5 Chip Set Teletext Decoder 13-3 
SAA5045 AN153: The 5 Chip Set Teletext Decoder 13-3 
SAA5050 AN153: The 5 Chip Set Teletext Decoder 13-3 
SAA5230 AN154: Teletext Decoders: Keeping Up With the Latest 
Technology Advances 13-8 
SAA5240 AN154: Teletext Decoders: Keeping Up With the Latest 
Technology Advances 13-8 
SAA5350 AN152: SAA5350: A Single-Chip CRT Controller 13-89 
SAB3035 AN157: Microcomputer Peripheral IC Tunes and Controls a 
TV Set 4-61 
$G1524C AN1261: High Frequency Ferrite Power Transformer and 
Choke 8-138 
$G3524C AN1261: High Frequency Ferrite Power Transformer and 
Choke 8-138 
AN125: Progress in SMPS Magnetic Component 
Optimization 8-225 
AN126: Applications Using the SG3524 8-190 
TDA1013A AN148: Audio Amplifier With TDA1013A 7-258 
TDA1023 AN1291: Design of Time-Proportional Temperature Controls 8-251 
TDA1072A AN1961: TDA1072A: Integrated AM Receiver 7-15 
TDA1510 AN1491: Car Radio Audio Power Amplifiers Up to 24W With 
the TDA1510 7-280 
TDA1515 AN1481: Car Radio Audio Power Amplifiers Up to 20W With 
the TDA1515 7-300 
TDA1520A AN149: 20W Hi-Fi Power Amplifier With the TDA1520A 7-312 
TDA1540 AN110: Monolithic 14-Bit DAC With 85dB S/N Ratio 5-226 
TDA2578 AN1621: Directives for a Print Layout Design on Behalf of 
the IC Combination TDA2578A and TDA3651 9-30 
TDA2595 AN158: Features of the TDA2595 Synchronization Processor 9-57 
TDA2595 AN162: A Versatile High-Resolution Monochrome Data and 
Graphics Display Unit 9-25 
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Application Notes by Part Numbers 


Vol 1 Vol 2 Vol 3 
TDA2653 AN162 A Versatile High-Resolution Monochrome Data and 
Graphics Display Unit 9-25 
TDA3047 AN172: Circuit Description of the Infrared Receiver 5-60 
AN173: Low Power Preamplifiers for IR Remote Control 
Systems 5-62 
TDA3048 AN172: Circuit Description of the Infrared Receiver 5-60 
AN173: Low Power Preamplifiers for IR Remote Control 
Systems 5-62 
TDA3505 AN155/A: — Multi-Standard Color Decoder With Picture 
Improvement 10-30 
TDA3563 AN156: Application of the NTSC Decoder: TDA3563 10-25 
TDA3651 AN1621: Directives for a Print Layout Design on Behalf of 
the IC Combination TDA2578A and TDA3651 9-30 
TDA4555 AN155/A: = Multi-Standard Color Decoder With Picture 
Improvement 10-3 
AN1551: Single-Chip Multi-Standard Color Decoder TDA4555/ 
4556 10-73 
TDA7000 AN192: A Complete FM Radio on a Chip 7-54 
AN193: TDA7000 for Narrowband FM Reception 7-69 
TEA1017 AN103: 13-Bit Serial-to-Parallel Converter 
TEA1067 AN1942: TEA1067: Application of the Low Voltage Versatile 
Transmission Circuit 6-88 
AN1943: TEA1067: Supply of Peripheral Circuits With the 
TEA1067 Speech Circuit 6-108 
TEA2000 AN1561: Application of the TEA2000 Color Encoder 10-121 
A758 AN191: Stereo Decoder Applications Using the “A758 7-159 
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Communications 


Linear Products 


Preface 

Product Status 

Section 1: GENERAL INFORMATION 
Section 2: QUALITY AND RELIABILITY 
Section 3: 1?C SMALL AREA NETWORKS 


Section 4: RF COMMUNICATIONS 
Signal Processing 
Frequency Synthesis 
Phase-Locked Loops 
Compandors 


Section 5: DATA COMMUNICATIONS 
Line Drivers/Receivers 
Modems 
Fiber Optics 


Section 6: TELECOMMUNICATIONS 
Compandors 
Phase-Locked Loops 
Telephony 


Section 7: RADIO/AUDIO 
Radio Circuits 
Audio Circuits 
Compact Disk 


Section 8: SPEECH/AUDIO SYNTHESIS 
Section 9: PACKAGE INFORMATION 
Section 10: SALES OFFICES 
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signetics Outline: 
: Volume 2 
Industrial 


Linear Products 


Preface 

Product Status 

Section 1: GENERAL INFORMATION 

Section 2: QUALITY AND RELIABILITY 

Section 3: I7C SMALL AREA NETWORKS 
4 


AMPLIFIERS 
Operational 

High Frequency 
Transconductance 
Fiber Optics 


Section 5: DATA CONVERSION 
Analog-to-Digital 
Digital-to-Analog 
Comparators 
Sample-and-Hold 
Position Measurement 


Section 6: INTERFACE 
Line Drivers/Receivers 
Peripheral Drivers 
Display Drivers 
Serial-to-Parallel Converters 


Section 7: TIMERS 

Section 8: POWER CONVERSION/CONTROL 
Section 9: PACKAGE INFORMATION 
Section 10: SALES OFFICES 


Section 
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Linear Products 


Competitor Part Number Part Number 


Fairchild 


Competitor 


AM6012DC 
DAC-08AQ 
DAC-08CN 
DAC-08CQ 
DAC-08EN 
DAC-08EQ 
DAC-O8HN 
DAC-08HQ 
DAC-08Q 
LF198H 
LF198H 
LF398H 
LF398H 
LF398L 
LF398L 
LF398N 
LF398N 
AM-453-2 
AM-453-2C 
AM-453-2M 


Signetics 


AM6012F 
DAC-08AF 
DAC-08CN 
DAC-08CF 
DAC-08EN 
DAC-08EF 
DAC-O8HN 
DAC-O8HF 
DAC-08F 
LF198H 
SE5537H 
LF398H 
NE5537H 
LF398D 
NE5537D 
LF398N 
NE5537N 
NE5534/AF 
NE5534/AF 
SE5534/AF 


DAC-UP10BC NE5020N 
DAC-UP8BC NE5018N 
DAC-UP8BM SE5019F 
DAC-UP8BQ SE5018F 


XR-5532/A N NE5532/AF 
XR-5532/A P NE5532/AN 


XR-L567CN 
XR-L567CP 


NE567F 
NE567N 


XR-5534/A CN NE5534/AF 
XR-5534/A CP NE5534/AN 
XR-5534/A M SE5534/AF 


XR-558CN 
XR-558CP 
XR-558M 

XR-1524N 
XR-1524P 
XR-2524P 
XR-3524N 
XR-3524P 


uA080/DA 


4A0801CDC 


NE558F 
NE558N 
SE558F 
SG3524F 
SG3524N 
SG3524N 
SG3524F 
SG3524N 


DAC-08F 
MC1408F 


Cross Reference Guide 


Pin-for-Pin Functionally-Compatible* 


Cross Reference by Competitor 


Temperature 
Range (°C) 


0 to +70 
-55 to +125 
0 to +70 

0 to +70 

0 to +70 

0 to +70 

0 to +70 

0 to +70 
-55 to +125 
-55 to +125 
-55 to +125 
0 to +70 

0 to +70 

0 to +70 

0 to +70 

0 to +70 

0 to +70 

0 to +70 

0 to +70 
-55 to +125 
0 to +70 

0 to +70 
-55 to +125 
-55 to 125 


0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
-55 to +125 
0 to +70 
0 to +70 
-55 to +125 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 


0 to +70 
0 to +70 


Package 


Ceramic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Ceramic 
Metal Can 
Metal Can 
Metal Can 
Metal Can 
SO 

SO 
Plastic 
Plastic 
Ceramic 
Ceramic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Ceramic 


Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Ceramic 
Plastic 
Ceramic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Plastic 


Ceramic 
Ceramic 


Competitor Part Number Part Number 


Harris 


Competitor 


A2901DC 
yA2901PC 
yA311RC 
yA324DC 
yA324PC 
yA3302DC 
yA3302PC 


HA339/ADC 


HA339/APC 
HA3403DC 
HA3403PC 
HA398HC 
HA398RC 
HASS5TC 
HA5S6PC 


wA723DC 
yA723DM 
yA723HC 
yA723PC 
yA733DC 
yA733DM 
yA733PC 
yA741NM 
yA741RC 
wA741TC 
yA747DC 
yA747PC 
yA9667DC 
yA9667PC 
yA9668DC 
yA9668PC 


HA-2539 


Signetics 


LM2901F 
LM2901N 
LM311F 
LM324F 
LM324N 
MC3302F 
MC3302N 
LM339/AF 
LM339/AN 
MC3403F 
MC3403N 
SE5537H 
SE5537N 
NE555N 
NE556-1N, 
NE556N 
yA723CF 
yA723F 
yA723CH 
yA723CN 
yA733F 
yA733F 
yA733N 
yA741N 
wA741CF 
yA741CN 
wA747CF 
yA747CN 
ULN2003F 
ULN2003N 
ULN2004F 
ULN2004N 


NE5539 


HA-2420-2/8B SE5060F 


HA-2425N 
HA-2425B 
HA1-5102-2 
HA1-5135-2 
HA1-5135-5 
HA3-5102-5 
HA1-5202-5 
HA-5320B 


NES5060N 
NES5060F 
SE5532/AF 
SE5534/AF 
NE5534/AF 
NE5532/AN 
NE5532/AF 
NE5060F 


Temperature 
Range (°C) 


-40 to +85 
-40 to +85 
0 to +70 
0 to +70 
0 to +70 
-40 to +85 
-40 to +85 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
-55 to +125 
-55 to +125 
0 to +70 
0 to +70 


0 to +70 
-55 to +125 
0 to +70 
0 to +70 
0 to +70 
-55 to +125 
0 to +70 
-55 to +125 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 


0 to +70 
-55 to +125 
0 to +70 
0 to +70 
-55 to +125 
-55 to +125 
0 to +70 
0 to +70 
0 to +70 


0 to +70 


Package 


Ceramic 
Plastic 
Ceramic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Metal Can 
Plastic 
Plastic 
Plastic 


Ceramic 
Ceramic 
Metal Can 
Plastic 
Ceramic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 


Plastic 

Ceramic 
Plastic 

Ceramic 
Ceramic 
Ceramic 
Ceramic 
Plastic 

Ceramic 
Ceramic 


MC1408N 
DAC-O8EF 
DAC-08AF 
MC1458N 


Plastic 
Ceramic 
Ceramic 
Plastic 


yA0801CPC 
uA0801EDC 
wA0801EPC 
HA1458TC 


0 to +70 
0 to +70 
0 to +70 
0 to +70 


ADC0803LCD ADC0803-1 LCF -40 to +85 
ADC0804 ADC0804-1 CN 0 to +70 
ADC0805 ADC0805-1 LCN -40 to +85 


Ceramic 
Plastic 
Plastic 


Intersil 


uA1488DC 
yA1488PC 
uA1489/A PC 
yA1489/A PC 
uA198HM 
uA198RM 


MC1488F 
MC1488N 


MC1489/AF 
MC1489/AN 


NE5537H 
NE5537N 


0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 


Ceramic 
Plastic 
Ceramic 
Plastic 
Metal Can 
Plastic 


1-21 


Motorola 


DAC-08CD 
DAC-08CQ 
DAC-08ED 
DAC-O8EF 
DAC-08HQ 
DAC-08Q 


DAC-08CN 
DAC-08CF 
DAC-08EN 
DAC-08EF 
DAC-O8HF 
DAC-08F 


0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 


Plastic 
Ceramic 
Plastic 
Ceramic 
Ceramic 


-55 to +125 Ceramic 


Signetics Linear Products 


Cross Reference Guide 


Competitor Signetics 
Competitor Part Number Part Number 


Temperature 
Range (°C) 


Temperature 
Range (°C) 


Competitor Signetics 


Package Competitor Part Number Part Number 


Package 


National 


LM2901N 
LM311J-8 
LM311N 
LM324J 
LM324N 


LM339/A J 
LM339/A N 


LM358N 
LM393A/J 
LM393A/N 
MC1408L 
MC1408P 
MC1488L 
MC1488P 


LM2901N 


-40 to +85 


LM311F 
LM311N 
LM324F 
LM324N 
LM339/AF 
LM339/AN 
LM358N 
LM393/AF 
LM393/AN 
MC1408F 
MC1408N 
MC1488F 
MC1488N 


MC1489/A L MC1489/AF 
MC1489/A P MC1489/AN 


MC1496L 
MC1496P 
MC3302L 
MC3302P 
MC3361D 
MC3361P 
MC3403L 
MC3403P 


MC3410CL 


MC3410L 


MC3510L 
NE592F 
NES592F 
NE592N 
NES65N 
SE592F 
SE592F 
SE592H 


ADC0803F 
ADC0803N 
ADC0805 


ADC0820BCN 


MC1496F 
MC1496N 
MC3302F 
MC3302N 
MC3361D 
MC3361N 
MC3403F 
MC3403N 
MC3410CF 
MC3410F 
NE5410F 
SE5410F 
NE592F-8 
NE592F-14 
NE592N 
NES565N 
SE592F-8 
SE592F-14 
SE592H 


ADC0803-1 LCF 
ADC0803-1 LCN 
ADC0805-1 LCN 
ADCO820BNEN 


ADC0820CCN ADCO820CNEN 


ADC0820BCD 


ADC0820BSAN 


ADC0820CCD ADC0820CSAN 


ADC0820BD 
ADC0820CD 
DACO800LCJ 
DACO800LJ 
DACO800LCN 
DAC0801LCJ 
DAC0801LCN 
DACO0802LJ 
DACO0802LCJ 
DAC0802LCN 
DACO806LCJ 
DACO806LCN 
DAC0807LCJ 
DAC0807LCN 
DACO808LCJ 


ADC0820BSEF 
ADCO820CSEF 
DAC-08EF 
DAC-08F 
DAC-08EN 
DAC-08CF 
DAC-08CN 
DAC-08AF 
DAC-O8HF 
DAC-08HN 
MC1408-6F 
MC1408-6N 
MC1408-7F 
MC1408-7N 
MC1408F 


0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
-40 to +85 
-40 to +85 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
-55 to +125 
-55 to +125 
-55 to +125 


-40 to +85 
-40 to +85 
-40 to +85 
0 to +70 
0 to +70 
-40 to +85 
-40 to +85 
-55 to +125 
-55 to +125 
0 to +70 
-55 to +125 
0 to +70 
0 to +70 
0 to +70 
-55 to +125 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 


Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
SO 
Plastic 
Ceramic 
Plastic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Ceramic 
Metal Can 


Ceramic 
Plastic 
Plastic 
Plastic 
Plastic 
Plastic 
Plastic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 


1-22 


DACO808LCN MC1408N 


DACO808LD 


LF198H 
LF398H 
LF398N 


LM13600AN 


LM13600N 
LM1458N 
LM161H 
LM161J 
LM2524J 
LM2524N 
LM2901N 
LM2903N 
LM3089 
LM319J 
LM319N 
LM324J 
LM324N 
LM324AD 
LM324AN 
LM339/AJ 
LM339/AN 
LM3524J 
LM3524N 
LM358H 
LM358N 
LM361H 
LM361J 
LM361N 
LM393/AN 
LM555J 
LM555N 
LM556J 
LM556N 
LM556CJ 
LM556CN 
LM565CN 
LMS566N 
LM566CN 
LM567CN 
LM733CN 
LM741CJ 
LM741CN 
LM741J 
LM741N 
LM747CJ 
LM747CN 
LM747J 
LM747N 
UC3842D 
UC3842J 
UC3842N 
UC2842D 
UC2842J 
UC2842N 
UC1842J 
UC1842N 


MC1408F 
SE5537H 
NE5537H 
NE5537N 
NE5517N 
NE5517N 
MC1458N 
SE529H 
SE529F 
SG3524F 
SG3524N 
LM2901N 
LM2903N 
CA3089N 
LM319F 
LM319N 
LM324F 
LM324N 
LM324AD 
LM324AN 
LM339/AF 
LM339/AN 
SG3524F 
SG3524N 
LM358H 
LM358N 
NE529H 
NE529D 
NE529N 
LM393/AN 
NE555F 
NE555N 
SE556-1F 
SE556-1N 
NE556-1F 
NE556-1N 
NE565N 
SE566N 
NE566N 
NE567N 
yA733CN 
yA741CF 
wA741CN 
yA741F 
uA741N 
uA747CF 
yA747CN 
u747F 
yA747N 
UC3842D 
UC3842FE 
UC3842N 
UC2842D 
UC2842FE 
UC2842N 
UC1842FE 
UC1842N 


0 to +70 


0 to 


+70 


-55 to +125 


0 to 
0 to 
0 to 
0 to 
0 to 


+70 
+70 
+70 
+70 
+70 


-55 to +125 
-55 to +125 


0 to 
0 to 


+70 
+70 


-40 to +85 
-40 to +85 
-55 to +125 


0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 
0 to 


+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 
+70 


-55 to +125 
-55 to +125 


0 to 
0 to 
0 to 


+70 
+70 
+70 


-55 to +125 


0 to 
0 to 
0 to 
0 to 
0 to 


+70 
+70 
+70 
+70 
+70 


-55 to +125 
-55 to +125 


0 to 
0 to 


+70 
+70 


-55 to +125 
-55 to +125 


0 to 
0 to 
0 to 
0 to 
0 to 
0 to 


+70 
+70 
+70 
+70 
+70 
+70 


-55 to +125 
-55 to +125 


Plastic 
Ceramic 
Metal Can 
Metal Can 
Plastic 
Plastic 
Plastic 
Plastic 
Metal Can 
Ceramic 
Ceramic 
Plastic 
Plastic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Metal Can 
Plastic 
Metal Can 
SO 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Plastic 
Plastic 
Plastic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 


Signetics Linear Products 


Cross Reference Guide 


Competitor Signetics 
Competitor Part Number Part Number 


uPC1571C NE571N 


CMP-05GP = NE5105N 
CMP-05CZ  SE5105F 
CMP-05BZ — SE5105F 
CMP-05GZ —_ SA5105N 
CMP-05FZ  SA5105N 
DAC1408A-6P MC1408-6N 
DAC1408A-6Q MC1408-6F 
DAC1408A-7N MC1408-7N 
DAC1408A-7Q MC1408-7F 
DAC1408A-8N MC1408-8N 
DAC1408A-8Q MC1408-8F 
DAC1508A-8Q MC1408-8F 
DAC312FR  AM6012F 
OP27BZ SE5534AFE 
OP27CZ SE5534FE 
PM747Y yA747N 
SMP-10AY  SE5060F 
SMP-10EY  NES5O60N 
SMP-11AY  SE5060F 
SMP-11EY | NES5O60N 


RC4805DE NE5105N 
RC4805EDE NE5105AN 
RM4805DE SE5105F 
RM4805ADE SE5105AF 
RC5532/A DE NE5532/AF 


Temperature 
Range (°C) 


0 to +70 


0 to +70 
-55 to +125 
-55 to +125 
-40 to +85 
-40 to +85 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
-55 to +125 
0 to +70 
-55 to +125 
-55 to +125 
-55 to +125 
-55 to +125 
0 to +70 
-55 to +125 
0 to +70 


0 to +70 
0 to +70 
-55 to +125 
-55 to +125 
0 to +70 


Competitor Signetics Temperature 


Range (°C) 


0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
-40 to +85 
-55 to +125 
-55 to +125 
-55 to +125 
-55 to +125 


Package 


Competitor Part Number Part Number 


Package 


LM311J 
LM311JG 
LM324D 
LM324J 
LM339/AJ 
LM339/AN 
LM358P 


LM311F 
LM311FE 
LM324N 
LM324F 
LM339/AF 
LM339/AN 
LM358N 
LM393/A P LM393/AN 
MC1458P MC1458N 
NE5532/A JG NE5532/AF 
NE5532/A P NE5532/AN 
NE5534/A JG NE5534/AF 
NE5534/A P NE5534/AN 
NE555JG NE555N 
NE555P NE555N 
NE556D NE556N 
NE556J NE556-1F 
NE556N NE556-1N 
NE592 NE592N14 
NE592A NE592F 14 
NE592J NE592F 
NE592N NE592N-14 
SA556D SA556N 
SE5534/A JG SE5534/AF 
SE555JG SE555N 
SE556J SE556-1F 
SE556N SE556-1N 


Ceramic 
Ceramic 
Plastic 
Ceramic 
Ceramic 
Plastic 
Plastic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Plastic 
Plastic 
Plastic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 


Plastic 


Plastic 
Ceramic 
Ceramic 
Plastic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 


Plastic 
Plastic 
Ceramic 
Ceramic 
Ceramic 


Raytheon 


RC5532/A NB NE5532/AN 
RC5534/A DE NE5534/AF 


0 to +70 
0 to +70 


Plastic 
Ceramic 


SE592 
SE592J 
SE592N 


SE592N14 
SE592F-14 
SE592N-14 


-55 to 
-55 to 


+125 
+125 


Plastic 
Ceramic 


RC5534/A NB NE5534/AN 
RM5532/A DE SE5532/AF 
RM5534/A DE SE5534/AF 


$G3524J SG3524F 
SG3526N SG3526N 


UDN6118A SA594N 
UDN6118R SA594F 
ULN8142M UC3842N 
ULN8160A NES5560N 
ULN8160R NE5560F 
ULN8161M NE5561N 
ULN8168M NE5568N 
ULN8564A NE564N 
ULN8564R NE564F 0 to +70 
ULS8564R SE564F -55 to +125 


ADC0803N ADC0803-1 LCN -40 to +85 
ADC0804CN ADC0804-1 CN 0 to +70 
ADCO805N ADC0805-1 LCN -40 to +85 
LM111J LM111F -55 to +125 
LM311D LM311D 0 to +70 


0 to +70 
-55 to +125 
-55 to +125 


0 to +70 
0 to +70 


-40 to +85 
-40 to +85 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 


-55 to +125 
0 to +70 
-55 to +125 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
0 to +70 
-55 to +125 
-55 to +125 


UC3524J SG3524F 0 to +70 Ceramic 
UC3524N SG3524N 0 to +70 Plastic 


*THERE MAY BE PARAMETRIC DIFFERENCES BETWEEN SIGNETICS' 
PARTS AND THOSE OF THE COMPETITION. 


Plastic 
Plastic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
Plastic 
Ceramic 
16) 


Plastic 
Ceramic 
Ceramic 


SN55107Ad 
SN55108AJ 
SN75107AJ 
SN75107AN 
SN75108AJ 
SN75108AN 
SN75188J 
SN75188N 
SN75189AJ 
SN75189AN 
SN75189J 
SN75189N 
TL592A 
TL592P 
yA723CJ 
yA723CN 
yA723MJ 
yA723MU 


NE521F 
SE522F 
NE521F 
NE521N 
NE522F 
NE522N 
MC1488F 
MC1488N 
MC1489AF 
MC1489AN 
MC1489F 
MC1489A 
NE592F14 
NE592NB 
yA723CF 
yA723CN 
yA723F 
yA723D 


Ceramic 
Plastic 


Silicon 
General 


Plastic 
Ceramic 
Plastic 
Plastic 
Ceramic 
Plastic 
Plastic 
Plastic 
Ceramic 
Ceramic 


Sprague 


Plastic 
Plastic 
Plastic 
Ceramic 
Plastic 


Unitrode 


1-23 


signefics 


Linear Products 


PART SMD 
NUMBER PACKAGE DESCRIPTION 


ADC0820D 
*DACO8ED 
*LF398D 
LM1870D 
LM2901D 
LM2903D 
LM311D 
LM319D 


LM324AD 
LM324D 
LM339D 
LM358AD 
LM358D 
LM393D 
*MC1408-8D 
MC1458D 
MC1488D 
MC1489D 
MC1489AD 
MC3302D 
MC3361D 
MC3403D 


NE4558D 
*NE5018D 
*NE5019D 
*NE5036D 
NE5037D 
NE5044D 


NE5045D 
NE5090D 
NE5105/AD 


NE5170A 
NE5180A 
NE5204D 
NE5205D 
NE521D 


NE5212D8 


NE522D 


NE5230D 
NE527D 


NE529D 


February 1987 


SO Availability List 


8-Bit CMOS A/D 
8-Bit D/A Converter 
Sample-and-Hold Amp 
Stereo Demodulator 
Quad Volt Comparator 
Dual Volt Comparator 
Voltage Comparator 
High-Speed Dual 
Comparator 

Quad Op Amp 

Quad Op Amp 

Quad Volt Comparator 
Dual Op Amp 

Dual Op Amp 

Dual Comparator 
8-Bit D/A Converter 
Dual Op Amp 

Quad Line Driver 
Quad Line Receiver 
Quad Line Receiver 
Quad Volt Comparator 
Low Power FM IF 
Quad Low Power Op 
Amp 

Dual Op Amp 

8-Bit D/A Converter 
8-Bit D/A Converter 
6-Bit A/D Converter 
6-Bit A/D Converter 
Prog 7-Channel 
Encoder 

7-Channel Decoder 
Address Relay Driver 
High-Speed 
Comparator 

Octal Line Driver 
Octal Line Receiver 
High-Frequency Amp 
High-Frequency Amp 
High-Speed Dual 
Comparator 
Transimedance 
Amplifier 

High-Speed Dual 
Comparator 

Low Voltage Op Amp 
High-Speed 
Comparator 
High-Speed 
Comparator 


NE532D 
*NE544D 
*NE5512D 
*NE5514D 
NE5517D 
NE5520D 
*NE5532D 


*NE5533D 
NE5534AD 
NE5534D 
NE5537D 
NE5539D 


NE555D 
NE556D 
NE5560D 
NE5561D 
NE5562D 
NE5568D 
NE558D 
NE5592D 
NE564D 
*NE565D 
NE566D 
NE567D 
NE568D 
NE571D 
NE572D 
*NE587D 


*NE589D 


NE5900D 
NE592D14 
NE592D8 
NE592HD14 
NE592HD8 
*“NE594D 
NE602D 


NE604D 


NE605 
NE612D 


NE614D 


*PCD3311TD 


1-24 


PART SMD 
NUMBER PACKAGE DESCRIPTION 


Dual Op Amp 
Servo Amp 
Dual Hi-Perf Op Amp 
Quad Hi-Perf Op Amp 
Dual Hi-Perf Amp 
LVDT Signal Cond Ckt 
Dual Low-Noise Op 
Amp 

Low-Noise Op Amp 
Low-Noise Op Amp 
Low-Noise Op Amp 
Sample-and-Hold Amp 
Hi-Freq Amp 
Wideband 

Single Timer 

Dual Timer 

SMPS Control Ckt 
SMPS Control Ckt 
SMPS Control Ckt 
SMPS Control Ckt 
Quad Timer 

Dual Video Amp 
Hi-Frequency PLL 
Phase Locked Loop 
Function Generator 
Tone Decoder PLL 
PLL 

Compandor 

Prog Compandor 

7 Seq LED Driver 
(Anode) 

7 Seq LED Driver 
(Cath) 

Call Progress Decoder 
Video Amp 

Video Amp 

Hi-Gain Video Amp 
Hi-Gain Video Amp 
Vac Fluor Disp Driver 
Double Bal Mixer/ 
Oscillator 

Low Power FM IF 
System 

FM IF System 

Double Balanced 
Mixer/Oscillator 

Low Power FM IF 
System 

DTMF/Melody 
Generator 
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SO Availability List 


PCD3312TD 


PCD3315TD 
PCD3360TD 
PCF2100TD 


PCF2111TD 


PCF2112TD 


PCF8570TD 
PCF8571TD 
PCF8573TD 
PCF8574TD 
PCF8576TD 
PCF8577TD 


SA5105/AD 


SA5230D 
SA5212D8 
SA532D 
SA534D 
SA555D 
SA571D 
SA572D 
*SA594D 
SA602D 


SA604D 


NOTE: 


PART SMD 
NUMBER PACKAGE DESCRIPTION 


DTMF/Melody 
Generator With ICC 
Repertory Pulse Dial 
Progress Tone Ringer 
LCD Duplex Driver 
(40) 

LCD Duplex Driver 
(64) 

LCD Duplex Driver 
(32) 

Static RAM (256 x 8) 
1K Serial RAM 
Clock/Timer 

Remote I/O Expander 
MUX/Static Driver 
32-/64-Segment LCD 
Driver 

High-Speed 
Comparator 

Low Voltage Op Amp 
Transimpedance Amp 
Dual Op Amp 

Dual Op Amp 

Single Timer 
Compandor 
Compandor 

Vac Fluor Disp Driver 
Double Bal Mixer/ 
Oscillator 

Lower Power FM IF 
System 


SAA3004TD 
$G3524D 


TDA3047TD 
TDA3048TD 
TDA5040TD 


TDA7010TD 
TDA7050TD 
TDD1742TD 
ULN2003D 

ULN2004D 

uA723CD 
uA741CD 
yA747CD 


NOTE: 


26LS31D 
26LS32D 
26LS33D 
26LS29D 
26LS30D 


TDA1001BTD 
TDA1005ATD 


*Non-standard pinout. 


UNDER DEVELOPMENT 


PART 
NUMBER 


PART SMD 
NUMBER PACKAGE eave Wee 


R/C Transmitter 
SMPS Control Circuit 
Noise Suppressor 
Stereo Decoder 

IR Preamp 

IR Preamp 

Brushless DC Motor 
Driver 

FM Radio Circuit 
Mono/Stereo Amp 
Frequency Synthesizer 
Transistor Array 
Transistor Array 
Voltage Regulator 
Single Op Amp 

Dual Op Amp 


SMD 
PACKAGE DESCRIPTION 


RS-422 Line Driver 
RS-422 Line Receiver 
RS-422 Line Receiver 
RS-423 Line Driver 

RS-423 Line Receiver 


For information regarding additional SO products released since the publication of this document, contact your local Signetics Sales Office. 
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Sianetics Ordering Information 
v for Prefixes ADC, AM, CA, DAC, 
ICM, LF, LM, MC, NE, OP, SA, 
SE, SG, uA, UC, ULN 


Linear Products 


Signetics' Linear integrated circuit prod- Table 1. Part Number Description 


re do chain a ee sete PART NUMBER CROSS REF PRODUCT PRODUCT 
en Sige Sane pene See ee PART NO. FAMILY DESCRIPTION 


representatives and/or Signetics autho- 


rized distributors. A complete listing is NE5537N LF398 Sample-and-Hold Am 
located in the back of this manual. 


Minimum Factory Order: 
Description of 


Commercial Product: Product Function 


$1000 per order 
$250 per line item per order 


Military Product: 
$250 per line item per order 


Linear Product Family 


Table 1 provides part number informa- 
tion concerning Signetics originated 
products. 


Table 2 is a cross reference of both the 


old and new package suffixes for all Package Descriptions — See Table 2 

presently existing types, while Tables 3 

and 4 provide appropriate explanations Device Number 

on the various prefixes employed in the 

part number descriptions. Device Family and Temperature Range Prefix — See 


Tables 3 & 4 


As noted in Table 3, Signetics defines 
device operating temperature range by 
the appropriate prefix. It should be not- 
ed, however, that an SE prefix (-55°C to 
+125°C) indicates only the operating 
temperature range of a device and not 
its military qualification status. The mili- 
tary qualification status of any Linear 
product can be determined by either 
looking in the Military Data Manual and/ 
or contacting your local sales office. 
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Ordering Information 


Table 2. Package Descriptions 


PACKAGE 
DESCRIPTION 


14-lead plastic DIP 


Table 3. Signetics Prefix and 
Device Temperature 


DEVICE TEMPERATURE 
RANGE 


UMP ZZzZ2zZ2ZzEez 


m © 
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14-lead plastic DIP 
(selected analog 
products only) 

16-lead plastic DIP 

Microminiature 
package (SO) 

14-, 16-, 18-, 22-, 
and 24-lead 
ceramic DIP 
(Cerdip) 

14-, 16-, 18-, 22-, 
28-, and 4-lead 
ceramic DIP 

10-lead TO-100 

10-lead high-profile 
TO-100 can 
24-lead plastic DIP 

10-, 14-, 16-, and 
24-lead ceramic 
flat 

8-lead TO-99 

SIP plastic power 

8-lead plastic DIP 

18-lead plastic DIP 
20-lead plastic DIP 
22-lead plastic DIP 
28-lead plastic DIP 

PLCC 

TO-46 header 

8-lead ceramic DIP 


0 to +70°C 
-55°C to +125°C 
-40°C to +85°C 


Table 4. Industry Standard Prefix 


| PREFIX | DEVICE FAMILY 


Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 


Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
Linear Industry Standard 
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Signetics' integrated circuit products 
may be ordered by contacting either the 
local Signetics sales office, Signetics 
representatives and/or Signetics autho- 
rized distributors. 


Minimum Factory Order: 
Commercial Product: 


$ 1000 per order 
$ 250 per line item per order 


Table 1 provides part number informa- 
tion concerning Signetics/Philips inte- 
grated circuits. 


Table 2 provides package suffixes and 
descriptions for all presently existing 
types. Letters following the device num- 
ber not used in Table 2 are considered 
to be part of the device number. 


Table 3 provides explanations on the 
various prefixes employed in the part 
number descriptions. As noted in Table 
3, Signetics/Philips device operating 
temperature is defined by the appropri- 
ate prefix. 


OPERATING TEMPERATURE: 
The third letter of the prefix, in a three- 
letter prefix, is the temperature designa- 
tor. 


The letters A to F give information about 
the ‘operating temperature: 
Temperature range not specified. 
See data sheet. 
e.g. TDA2541N 
0 to +70°C 
e.g. PCB8573PN 
-55°C to +125°C 
e.g. PCC2111PN 
-25°C to +70°C 
e.g. PCD8571PN 
E: -25°C to +85°C 
e.g. PCE2111PN 
F: -40°C to +85°C 
e.g. PCF2111PN 


9 © ® 
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Ordering Information 
for Prefixes HE, OM, MA, ME, 
PC, PN, SA, TB, TC, TD, TE 


Table 1. Part Number Description 


PART 
NUMBER 


TDA2541N 


LIN Video IF Amplifier 
i Description of 
Product Function 
Product Family Linear 
Package Description — See Table 2A 


PRODUCT 
DESCRIPTION 


PRODUCT 
FAMILY 


Device Number 


Device Family and Temperature Range Prefix— See Table 3A 


Table 2. Package Description 


8-, 14-, 16-, 18-, 20-, 24-, 28-, 40-lead plastic DIP 
Microminiature Package (SO) 

14-, 16-, 18-, 22-, 24-lead ceramic DIP 

Single in-line plastic (SIP) and SIP power packages 


Table 3. Device Prefix 


CMOS circuit 

Linear circuit 
Microcomputer 
Microcomputer peripheral 


CMOS circuit 
NMOS circuit 


Digital circuit 
Linear circuit 
Linear circuit 
Linear circuit 
Linear circuit 
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"Given the increasingly intense competitive 
pressures our customers face, they should 
demand nothing less than zero defects 
from every IC vendor. We now know that 
zero defects is an achievable goal. Why 
should IC customers pay for errors?" 


Norman Neumann 
President 
Signetics Corporation 


signefics 


Linear Products 


SIGNETICS' ZERO DEFECTS 
PROGRAM 


In recent years, American industry has de- 
manded increased product quality of its IC 
suppliers in order to meet growing internation- 
al competitive pressures. As a result of this 
quality focus, it is becoming clear that what 
was once thought to be unattainable — zero 
defects — is, in fact, achievable. 


The IC supplier committed to a standard of 
zero defects provides a competitive advan- 
tage to today's electronics OEM. That advan- 
tage can be summed up in four words: 
reduced cost of ownership. As |C customers 
look beyond purchase price to the total cost 
of doing business with a vendor, it is apparent 
that the quality-conscious supplier represents 
a viable cost reduction resource. Consistently 
high quality circuits reduce requirements for 
expensive test equipment and personnel, and 
allow for smaller inventories, less rework, and 
fewer field failures. 


REDUCING THE COST OF 
OWNERSHIP THROUGH TOTAL 
QUALITY PERFORMANCE 


Quality involves more than just IC's that work. 
It also includes cost-saving advantages that 
come with error-free service — on-time deliv- 
ery of the right quantity of the right product at 
the agreed-upon price. Beyond the product, 
you want to know you can place an order and 
feel confident that no administrative problems 
will arise to tie up your time and personnel. 


Today, as a result of Signetics' growing 
appreciation of the concern with cost of 
ownership, our quality improvement efforts 
extend out from the traditional areas of prod- 
uct conformance into every administrative 
function, including order entry, scheduling, 
delivery, shipping, and invoicing. Driving this 
process is a Corporate Quality Improvement 
Team, comprised of the president and his 
staff, which oversees the activities of 30 other 
Quality Improvement Teams throughout the 
company. 


CUSTOMER/VENDOR 
COOPERATION IS AT THE 
HEART OF ZERO DEFECTS 
AND REDUCED COSTS 


Working to a zero defects standard requires 
that emphasis be consistently placed, not on 


February 1987 


Quality and Reliability 


"catching" defects, but on preventing them 
from ever occurring. This strong preventive 
focus, which demands that quality be ''built-in'' 
rather than "inspected in,"' includes a much 
greater attention to ongoing communication on 
quality-related issues. At Signetics, a focus on 
this cooperative approach has resulted in bet- 
ter service to all customers and the develop- 
ment of two innovative customer/vendor pro- 
grams: Ship-to-Stock and Self-Qual. 


As a result of their participation in the Ship-to- 
Stock Program, many of our customers have 
eliminated costly incoming testing on select- 
ed ICs. We will work together with any cus- 
tomer interested to establish a Ship-to-Stock 
Program, and identify the products to be 
included in the program and finalize all neces- 
sary terms and conditions. From that point, 
the specified products can go directly from 
the receiving dock to the assembly line or into 
inventory. Signetics then provides, free of 
charge, monthly reports on those products. 


In our efforts to continually reduce cost of 
ownership, we are now using the experience 
we have gained with Ship-to-Stock to begin 
developing a Just-in-Time Program. With Just- 
in-Time, products will be delivered to the 
receiving dock just as they are needed, permit- 
ting continuous-flow manufacturing and elimi- 
nating the need for expensive inventories. 


Like Ship-to-Stock, our Self-Qual Program 
employs a cooperative approach based on 
ongoing information exchange. At Signetics, 
formal qualification procedures are required 
for all new or changed materials, processes, 
products, and facilities. Prior to 1983, we 
created our qualification programs indepen- 
dently. Our major customers would then test 
samples to confirm our findings. Now, under 
the new Self-Qual Program, customers can 
be directly involved in the prequalification 
stage. When we feel we have a promising 
enhancement to offer, customers will be invit- 
ed to participate in the development of the 
qualification plan. This eliminates the need to 
duplicate expensive qualification testing and 
also adds another dimension to our ongoing 
efforts to build in quality. 


PRODUCT RELIABILITY: 
QUALITY OVER TIME IS THE 
GOAL 


Our concern with product reliability has devel- 
oped from communication with many custom- 
ers. In discussions, these customers have 


2-3 


emphasized the high cost of field failures, 
both in terms of dollars and reputations in the 
marketplace. 


In response to these concerns, we have 
placed an emphasis on improving product 
reliability. As a result of this effort, our product 
reliability has improved more than fourfold in 
a five-year period (see Figure 1). A key 
program, SURE (Systematic and Uniform Re- 
liability Evaluation), highlights the significant 
progress made in this critical area. 


SURE was first instituted in 1964 as the core 
reliability measurement for all Signetics prod- 
ucts. In 1980, as a first major step toward 
improving product reliability, SURE was en- 
hanced by increasing sampling frequency and 
size and by extending stress tests. As a result 
of these improvements, most of our major 
customers now utilize SURE data with no 
requests for additional reliability testing. 


WE WANT TO WORK WITH 
YOU 


At Signetics, we know that our success de- 
pends on our ability to support all our custom- 
ers with the defect-free, higher density, higher 
performance products needed to compete 
effectively in today's demanding business 
environment. To achieve this goal, quality in 
another arena — that of communications — 
is vital. Here are some specific ways we can 
maintain an ongoing dialogue and information 
exchange between your company and ours 
on the quality issue: 
®@ Periodical face-to-face exchanges of 
data and quality improvement ideas 
between the customer and Signetics 
can help prevent problems before they 
occur. 


@ Test correlation data is very useful. Line 
pull information and field failure reports 
also help us improve product 
performance. 


@ When a problem occurs, provide us as 
soon as possible with whatever specific 
data you have. This will assist us in 
taking prompt corrective action. 


Quality products are, in large measure, the 
result of quality communication. By working 
together, by opening up channels through 
which we can talk openly to each other, we 
will insure the creation of the innovative, 
reliable, cost effective products that help 
insure a competitive edge. 
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QUALITY AND RELIABILITY 
ASSURANCE 


Signetics' Linear Division Quality and Reliabil- 

ity Assurance Department is involved in all 

stages of the production of our Linear ICs: 

@ Product Design and Process 
Development 


@ Wafer Fabrication 

@ Assembly 

®@ Inspection and Test 

@ Product Reliability Monitoring 

@ Customer liaison 

The result of this continual involvement at all 
stages of production enables us to provide 
feedback to refine present and future de- 
signs, manufacturing processes, and test 
methodology to enhance both the quality and 


reliability of the products delivered to our 
customers. 
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1986 
TIME FRAME 


Figure 1 


LINEAR PRODUCT QUALITY 

Signetics has put together a winning process 
for the manufacturing of Linear Integrated 
Circuits. The circuits produced by our Linear 
Division must meet rigid criteria as defined in 
our design rules and as evaluated through 
product characterization over the device op- 
erating temperature range. Product confor- 
mance to specification is measured through- 
out the manufacturing cycle. Our standard is 
Zero Defects and our customers’ statistics 
and awards for outstanding product quality 
demonstrate our advance toward this goal. 


Nowhere is this more evident than at our 
Electrical Outgoing Product Assurance in- 
spection gate. Over the past six years, the 
measured defect level at the first submission 
to Product Assurance for Linear products has 
dropped from over 4000PPM (0.4%) to under 
150PPM (0.015%) (see Figure 2). Signetics 
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calls the first submittal to a Product or Quality 
Assurance gate our Estimated Process Quali- 
ty or EPQ. It is an internal measure used to 
drive our Quality Improvement Programs to- 
ward our goal of Zero Defects. All product 
acceptance sampling plans have zero as their 
acceptance criteria. Only shipments that 
demonstrate zero defects during these ac- 
ceptance tests may be shipped to our cus- 
tomers. This is in accordance with our com- 
mitment to our Zero Defect policy. 


The results from our Quality Improvement 
Program have allowed Signetics to take the 
industry leadership position with its Zero De- 
fects Limited Warranty policy. No longer is it 
necessary to negotiate a mutually acceptable 
AQL between buyer and Signetics. Signetics 
will replace any lot in which a customer finds 
one verified defective part. 
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Figure 2. Electrical Estimated Process Quality (EPQ) 


QUALITY DATABASE 
REPORTING SYSTEM — QA05 


The capabilities of our manufacturing process 
are measured and the results are recorded 
through our corporate-wide QA05 database 
system. The QA05 system collects the results 
on all finished lots and feeds this data back to 
concerned organizations where appropriate 
corrective actions can be taken. The QA05 
reports Estimated Process Quality (EPQ) data 
which are the sample inspection results for 
first submittal lots to Quality Assurance in- 
spection for electrical, visual/mechanical, 
hermeticity, and documentation. Data from 
this system is available upon request and is 
distributed routinely to our customers who 
have formally adopted our Ship-to-Stock pro- 
gram. 


SIGNETICS' SHIP-TO-STOCK 
PROGRAM 

Ship-to-Stock is a joint program between 
Signetics and a customer which formally 
certifies specific parts to go directly into 
inventory or to the assembly line from the 
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customer's receiving dock without incoming 
inspection. This program was developed at 
the request of several major customers after 
they had worked with us and had a chance to 
experience the data exchange and joint cor- 
rective action that occurs as part of our 
quality improvement program. 


The key elements of the Ship-to-Stock pro- 

gram are: 

@ Signetics and customer agree on a list 
of products to be certified, complete 
device correlation, and sign a 
specification. 

@ The product Estimated Product Quality 
(EPQ) must be 300ppm or less for the 
past 3 months. 

@ Signetics will share Quality (QA05) and 
Reliability data on a regular basis. 

@ Signetics will alert Ship-to-Stock 
customers of any changes in quality or 
reliability which could adversely impact 
their product. 


Any customer interested in the benefits of the 
Ship-to-Stock program should contact his 
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local Signetics sales office for a brochure and 
further details. 


RELIABILITY BEGINS WITH THE 


DESIGN 

Quality and reliability must begin with design. 
No amount of extra testing or inspection will 
produce reliable ICs from a design that is 
inherently unreliable. Signetics follows very 
strict design and layout practices with its 
Circuits. To eliminate the possibility of metal 
migration, current density in any path cannot 
exceed 5 X 10° amps/cm?. Layout rules are 
followed to minimize the possibility of shorts, 
Circuit anomalies, and SCR type latch-up 
effects. All circuit designs are computer- 
checked using the latest CAD software for 
adherence to design rules. Simulations are 
performed for functionality and parametric 
performance over the full operating ranges of 
voltage and temperature before going to 
production. These steps allow us to meet 
device specifications not only the first time, 
but also every time thereafter. 
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PRODUCT CHARACTERIZATION 

Before a new design is released, the charac- 
terization phase is completed to insure that 
the distribution of parameters resulting from 
lot-to-lot variations is well within specified 
limits. Such extensive characterization data 
also provides a basis for identifying unique 
application-related problems which are not 
part of normal data sheet guarantees. 


PRODUCT QUALIFICATION 
Linear products are subjected to rigorous 
qualification procedures for all new products 
or redesigns to current products. Qualification 
testing consists of: 
@ High Temperature Operating Life: 

Ty = 150°C, 1000 hours, static bias 


@ High Temperature Storage Life: 
Ty = 150°C, 1000 hours, unbiased 


@ Temperature Humidity Biased Life: 
85°C, 85% relative humidity, 1000 
hours, static bias 

@ Pressure Cooker: 

15 psig, 121°C, 192 hours, unbiased 


@ Thermal Shock: 
-65°C to +150°C, 300 cycles, 5 minute 
dwell, liquid to liquid, unbiased 


Formal qualification procedures are required 
for all new or changed products, processes, 
and facilities. These procedures ensure the 
high level of product reliability our customers 
expect. New facilities are qualified by corpo- 
rate groups as well as by the quality organiza- 
tions of specific units that will operate in the 
facility. After qualification, products manufac- 
tured by the new facility are subjected to 
highly accelerated environmental stresses to 
ensure that they can meet rigorous failure 
rate requirements. New or changed process- 
es are similarly qualified. 
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ONGOING RELIABILITY 
ASSESSMENT PROGRAMS 


The SURE Program 

The SURE (Systematic and Uniform Reliabili- 
ty Evaluation) program audits products from 
each of Signetics Linear Division's process 
families: Low Voltage, Medium Voltage, High 
Voltage, and Dual-Layer Metal, under a vari- 
ety of accelerated stress conditions. This 
program, first introduced in 1964, has evolved 
to suit changing product complexities and 
performance requirements. 


The Audit Program 
Samples are selected from each process 
family every four weeks and are subjected to 
each of the following stresses: 
@ High Temperature Operating Life: 

Ty = 150°C, 1000 hours, static bias 


@ High Temperature Storage Life: 
Ty = 150°C, 1000 hours, unbiased 


@ Temperature Humidity Biased Life: 
85°C, 85% relative humidity, 1000 
hours, static bias 


@ Pressure Cooker: 
20 psig, 127°C, 72 hours, unbiased 


@ Thermal Shock: 
-65°C to +150°C, 300 cycles, 5 minute 
dwell, liquid-to-liquid, unbiased 

@ Temperature Cycling: 
-65°C to +150°C, 1000 cycles, 10 
minute dwell, air-to-air, unbiased 


The Product Monitor Program 

In addition, each Signetics assembly plant 
performs Pressure Cooker and Thermal 
Shock SURE Product Monitor stresses on a 
weekly basis on each molded package by pin 
count per the same conditions as the SURE 
Program. 


Product Reliability Reports 

The data from these test matrices provides a 
basic understanding of product capability, an 
indication of major failure mechanisms, and 
an estimated failure rate resulting from each 
stress. This data is compiled periodically and 
is available to customers upon request. 
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Many customers use this information in lieu of 
running their own qualification tests, thereby 
eliminating time-consuming and costly addi- 
tional testing. 


Reliability Engineering 

In addition to the product performance moni- 
tors encompassed in the Linear SURE pro- 
gram, Signetics' Corporate and Division Reli- 
ability Engineering departments sustain a 
broad range of evaluation and qualification 
activities. 


Included in the engineering process are: 

® Evaluation and qualification of new or 
changed materials, assembly/wafer-fab 
processes and equipment, product 
designs, facilities, and subcontractors. 


@ Device or generic group failure rate 
studies. 


@ Advanced environmental stress 
development. 


@ Failure mechanism characterization and 
corrective action/prevention reporting. 


The environmental stresses utilized in the 
engineering programs are similar to those 
utilized for the SURE monitor; however, more 
highly-accelerated conditions and extended 
durations typify these engineering projects. 
Additional stress systems such as biased 
pressure pot, power-temperature cycling, and 
cycle-biased temperature-humidity, are also 
included in some evaluation programs. 


Failure Analysis 

The SURE Program and the Reliability Engi- 
neering Program both include failure analysis 
activities and are complemented by corpo- 
rate, divisional, and plant failure analysis 
departments. These engineering units pro- 
vide a service to our customers who desire 
detailed failure analysis support, who in turn 
provide Signetics with the technical under- 
standing of the failure modes and mecha- 
nisms actually experienced in service. This 
information is essential in our ongoing effort 
to accelerate and improve our understanding 
of product failure mechanisms and their pre- 
vention. 
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LINEAR DIVISION LINEAR PROCESS FLOW 
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WAFER 
FABRICATION 


fe) 


DIE ATTACH 
WIRE BOND 


oO 


HERMETIC 
SEAL 
PLASTIC 
ENCAPSULATION 


SYMBOL 


100% 
ELECTRICAL TEST 
BURN-IN 
OPTION 


100% 
ELECTRICAL TEST 


VISUAL 
INSPECTION 
OUTGOING 

QUALITY CONTROL 


SHIPMENT 


SCANNING ELECTRON MICROSCOPE CONTROL 


Wafers are sampled daily by the Quality Control Laboratory from each fabrication area and subjected 
to SEM analysis. This process control reveals manufacturing defects such as contact and oxide step 
coverage in the metalization process which may result in early failures. 


DIE SORT VISUAL ACCEPTANCE 


Product is inspected for defects caused during fabrication, wafer testing, or the mechanical scribe 
and break operation. Defects such as scratches, smears and glassivated bonding pads are included 
in the lot acceptance criteria. 


DIE ATTACH AND WIRE BONDING 
The latest automated equipment is used under statistical process control program. 


PRE-SEAL VISUAL ACCEPTANCE 


Product is inspected to detect any damage incurred at the die attach and wire bonding stations. 
Defects such as scratches, contamination and smeared ball bonds are included in the lot acceptance 
criteria. 


SEAL TESTS 
Hermetic package seal integrity is ensured by 100% and fine gross leak testing. 


SYMBOL 


Devices are marked with the Signetics logo, device number and period date code of assembly or 
custom symbol per individual specification requirements. 


100% PRODUCTION ELECTRICAL TESTING 
Every device is tested to all data sheet parameters guaranteeing temperature specifications. 


BURN-IN (SUPR li LEVEL B OPTION) 
Devices are burned in for 21 hours at 155°C maximum Junction Temperature. 


100% PRODUCTION ELECTRICAL TESTING 
Every device is tested to all data sheet parameters guaranteeing temperature specifications. 


VISUAL 


All products are visually inspected per the requirements specified in Signetics’ or customer 
documents. 


FINAL QUALITY ASSURANCE GATE 


The final QA inspection step guarantees the specified mechanical and electrical AQL’s. Every ship- 
ment is sealed and identified by QA personnel. 


PFO0850S 


2-7 


Signetics section 3 
Small Area Networks 


Linear Products 


INDEX 
[MFORIICHOM £0 FFD so cinc se science sce ster ns ane unsice snesu van anoue unsuccmevanvn cus onsen spavaes san werensne noes $3 
I7C} Bus Specification ............ccccccceeeccceececcccceueceeuucecseucceeuucecsucessucecuunessaueess 3-4 
AN168 The Inter-Integrated Circuit (I@C) Serial Bus: Theory and 


Practical Considerations ..............ccceeeeeeeecccecucececeeeeeneuceeceeuaues 3-16 


signeftics 


Linear Products 


THE I?C CONCEPT 

The Inter-IC bus (I?C) is a 2-wire serial bus 
designed to provide the facilities of a small 
area network, not only between the circuits of 
one system, but also between different sys- 
tems; e.g., teletext and tuning. 


Philips/Signetics manufactures many devices 
with built-in 1@C interface capability, any of 
which can be connected in a system by 
simply ''clipping"’ it to the IC bus. Hence, any 
collection of these devices around the I@C 
bus is known as ''clips."' 


The |?C bus consists of two bidirectional 
lines: the Serial Data (SDA) line and the Serial 
Clock (SCL) line. The output stages of de- 
vices connected to the bus (these devices 
could be NMOS, CMOS, /°C, TTL, ...) must 
have an open-drain or open-collector in order 
to perform the wired-AND function. Data on 
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the I°C bus can be transferred at a rate up to 
100kbits/sec. The physical bus length is 
limited to 13 feet and the number of devices 
connected to the bus is solely dependent on 
the limiting bus capacitance of 400pF. 


The inherent synchronization process, built 
into the IC bus structure using the wired- 
AND technique, not only allows fast devices 
to communicate with slower ones, but also 
eliminates the "Carrier Sense Multiple Ac- 
cess/Collision Detect'' (CSMA/CD) effect 
found in some local area networks, such as 
Ethernet. 


Master-slave relationships exist on the °C 
bus; however, there is no central master. 
Therefore, a device addressed as a slave 
during one data transfer could possibly be the 
master for the next data transfer. Devices are 
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also free to transmit or receive data during a 
transfer. 


To summarize, the |?C bus eliminates inter- 
facing problems. Since any peripheral device 
can be added or taken away without affecting 
any other devices connected to the bus, the 
\?C bus enables the system designer to build 
various configurations using the same basic 
architecture. 


Application areas for the |@C bus include: 
Video Equipment 


Audio Equipment 
Computer Terminals 
Home Appliances 
Telephony 
Automotive 
Instrumentation 
Industrial Control 
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INTRODUCTION 

For 8-bit applications, such as those requiring 

single-chip microcomputers, certain design 

criteria can be established: 

@ A complete system usually consists 
of at least one microcomputer and 
other peripheral devices, such as 
memories and I/O expanders. 


® The cost of connecting the various 
devices within the system must be 
kept to a minimum. 


® Such a system usually performs a 
control function and does not require 
high-speed data transfer. 


® Overall efficiency depends on the 
devices chosen and the 
interconnecting bus structure. 


In order to produce a system to satisfy these 
criteria, a serial bus structure is needed. 
Although serial buses don't have the through- 
put capability of parallel buses, they do re- 
quire less wiring and fewer connecting pins. 
However, a bus is not merely an interconnect- 
ing wire, it embodies all the formats and 
procedures for communication within the sys- 
tem. 


Devices communicating with each other on a 
serial bus must have some form of protocol 
which avoids all possibilities of confusion, 
data loss and blockage of information. Fast 
devices must be able to communicate with 
slow devices. The system must not be depen- 
dent on the devices connected to it, other- 
wise modifications or improvements would be 
impossible. A procedure has also to be re- 
solved to decide which device will be in 
control of the bus and when. And if different 
devices with different clock speeds are con- 
nected to the bus, the bus clock source must 
be defined. 


All these criteria are involved in the specifica- 
tion of the I?C bus. 


THE IC BUS CONCEPT 

Any manufacturing process (NMOS, CMOS, 
12L) can be supported by the I?C bus. Two 
wires (SDA -serial data, SCL - serial clock) 
carry information between the devices con- 
nected to the bus. Each device is recognized 
by a unique address - whether it is a micro- 
computer, LCD driver, memory or keyboard 
interface — and can operate as either a trans- 
mitter or receiver, depending on the function 
of the device. Obviously an LCD driver is only 
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a receiver, while a memory can both receive 
and transmit data. In addition to transmitters 
and receivers, devices can also be consid- 
ered as masters or slaves when performing 
data transfers (see Table 1). A master is the 
device which initiates a data transfer on the 
bus and generates the clock signals to permit 
that transfer. At that time, any device ad- 
dressed is considered a slave. 


The IC bus is a multi-master bus. This means 
that more than one device capable of control- 
ling the bus can be connected to it. As 
masters are usually microcomputers, let's 
consider the case of a data transfer between 
two microcomputers connected to the ia ® 
bus (Figure 1). This highlights the master- 
slave and receiver-transmitter relationships to 
be found on the |°C bus. It should be noted 
that these relationships are not permanent, 
but only depend on the direction of data 
transfer at that time. The transfer of data 
would follow in this way: 


1) Suppose microcomputer A wants to send 

information to microcomputer B 

— microcomputer A (master) addresses 
microcomputer B (slave) 

- microcomputer A (master transmitter) 
sends data to microcomputer B (slave 
receiver) 

— microcomputer A terminates the 
transfer. 


2) If microcomputer A wants to receive infor- 
mation from microcomputer B 


- microcomputer A (master) addresses 
microcomputer B (slave) 


- microcomputer A (master receiver) 
receives data from microcomputer B 
(slave transmitter) 


- microcomputer A terminates the 
transfer. 


Even in this case, the master (microcomputer 
A) generates the timing and terminates the 
transfer. 


The possibility of more than one microcompu- 
ter being connected to the °C bus means 
that more than one master could try to initiate 
a data transfer at the same time. To avoid the 
chaos that might ensue from such an event, 
an arbitration procedure has been developed. 
This procedure relies on the wired-AND con- 
nection of all devices to the I?C bus. 


If two or more masters try to put information 
on to the bus, the first to produce a one when 
the other produces a zero will lose the 
arbitration. The clock signals during arbitra- 
tion are a synchronized combination of the 
clocks generated by the masters using the 
wired-AND connection to the SCL line (for 
more detailed information concerning arbitra- 
tion see Arbitration and Clock Generation). 


Generation of clock signals on the |2C bus is 
always the responsibility of master devices; 
each master generates its own clock signals 
when transferring data on the bus. Bus clock 
signals from a master can only be altered 
when they are stretched by a slow slave 


MICROCOMPUTER 
A 


DRIVER 


STATIC RAM 
OR EEPROM 


MICROCOMPUTER 
B 


Figure 1. Typical 12C Bus Configuration 
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Table 1. Definition of I?C Bus Terminology device holding down the clock line or by 


another master when arbitration takes place. 
TERM DESCRIPTION 
The device which sends data to the bus 
The device which receives data from the bus 


The device which initiates a transfer, generates clock 
signals and terminates a transfer 


Slave The device addressed by a master 
Multi-master More than one master can attempt to control the 
bus at the same time without corrupting the message 
Arbitration Procedure to ensure that if more than one master 
simultaneously tries to control the bus, only one is 
allowed to do so and the message is not corrupted 
Synchronization Procedure to synchronize the clock signals of two or 
more devices 
Due to the variety of different technology 
devices (CMOS, NMOS, |?L) which can be 


pOLLe connected to the I?C bus, the levels of the 

Resistors ° logical 0 (Low) and 1 (High) are not fixed and 

0 ee depend on the appropriate level of Vpp (see 

(SERIAL CLOCK LINE) Electrical Specifications). One clock pulse is 
generated for each data bit transferred. 


Data Validity 

The data on the SDA line must be stable 
during the High period of the clock. The High 
or Low state of the data line can only change 
when the clock signal on the SCL line is Low 
(Figure 3). 


Start and Stop Conditions 

Within the procedure of the I?C bus, unique 
situations arise which are defined as start and 
stop conditions (see Figure 4). 


GENERAL CHARACTERISTICS 
Both SDA and SCL are bidirectional lines, 
connected to a positive supply voltage via a 
pull-up resistor (see Figure 2). When the bus 
is free, both lines are High. The output stages 
of devices connected to the bus must have 
an open-drain or open-collector in order to 
perform the wired-AND function. Data on the 
I?7C bus can be transferred at a rate up to 
100kbit/s. The number of devices connected 
to the bus is solely dependent on the limiting 
bus capacitance of 400pF. 


BIT TRANSFER 


LD05610S 


A High-to-Low transition of the SDA line while 
SCL is High is one such unique case. This 
situation indicates a start condition. 


A Low-to-High transition of the SDA line while 
SCL is High defines a stop condition. 


Start and stop conditions are always generat- 
ed by the master. The bus is considered to be 
busy after the start condition. The bus is 
DATA LINE CHANGE considered to be free again a certain time 
STABLE: | oFfpata | after the stop condition. This bus free situa- 
| DATAVALID | ALLOWED | tion will be described later in detail. 


Detection of start and stop conditions by 
devices connected to the bus is easy if they 
possess the necessary interfacing hardware. 
However, microcomputers with no such inter- 
face have to sample the SDA line at least 
twice per clock period in order to sense the 
transition. 


! 
“ 1 |. tf om 
3 | LK J \_/ le | TRANSFERRING DATA 


START CONDITION STOP CONDITION Byte Format 
wrens Every byte put on the SDA line must be 8 bits 
Figure 4. Start and Stop Conditions long. The number of bytes that can be 
transmitted per transfer is unrestricted. Each 
byte must be followed by an acknowledge bit. 


Figure 3. Bit Transfer on the I*C Bus 
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SIGNAL FROM RECEIVER 


BYTE COMPLETE, 
INTERRUPT WITHIN RECEIVER 


ACKNOWLEDGEMENT 
SIGNAL FROM RECEIVER 


CLOCK LINE HELD LOW WHILE 


INTERRUPTS ARE SERVICED 


Figure 5. Data Transfer on the I7C Bus 


WF14370S 


BY TRANSMITTER | 


—— 


DATA OUTPUT | | 
BY RECEIVER l 


| 
| | 
SCL FROM | | 

geal Oe 


aa 


Data is transferred with the most significant 
bit (MSB) first (Figure 5). If a receiving device 
cannot receive another complete byte of data 
until it has performed some other function, for 
example, to service an internal interrupt, it 
can hold the clock line SCL Low to force the 
transmitter into a wait state. Data transfer 
then continues when the receiver is ready for 
another byte of data and releases the clock 
line SCL. 


In some cases, it is permitted to use a 
different format from the I@C bus format, such 
as CBUS compatible devices. A message 
which starts with such an address can be 
terminated by the generation of a stop condi- 
tion, even during the transmission of a byte. 
In this case, no acknowledge is generated. 


Acknowledge 

Data transfer with acknowledge is obligatory. 
The acknowledge-related clock pulse is gen- 
erated by the master. The transmitting device 
releases the SDA line (High) during the ac- 
knowledge clock pulse. 
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Figure 6. Acknowledge on the I2C Bus 


The receiving device has to pull down the 
SDA line during the acknowledge clock pulse 
so that the SDA line is stable Low during the 
high period of this clock pulse (Figure 6). Of 
course, setup and hold times must also be 
taken into account and these will be de- 
scribed in the Timing section. 


Usually, a receiver which has been addressed 
is obliged to generate an acknowledge after 
each byte has been received (except when 
the message starts with a CBUS address. 


When a slave receiver does not acknowledge 
on the slave address, for example, because it 
is unable to receive while it is performing 
some real-time function, the data line must be 
left High by the slave. The master can then 
generate a STOP condition to abort the 
transfer. 


If a slave receiver does acknowledge the 
slave address, but some time later in the 
transfer cannot receive any more data bytes, 
the master must again abort the transfer. This 
is indicated by the slave not generating the 
acknowledge on the first byte following. The 
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CLOCK PULSE FOR 
ACKNOWLEDGEMENT 


WF14380S 


slave leaves the data line High and the 
master generates the STOP condition. 


In the case of a master receiver involved ina 
transfer, it must signal an end of data to the 
slave transmitter by not generating an ac- 
knowledge on the last byte that was clocked 
out of the slave. The slave transmitter must 
release the data line to allow the master to 
generate the STOP condition. 


ARBITRATION AND CLOCK 
GENERATION 


Synchronization 

All masters generate their own clock on the 
SCL line to transfer messages on the I?C bus. 
Data is only valid during the clock High period 
on the SCL line; therefore, a defined clock is 
needed if the bit-by-bit arbitration procedure 
is to take place. 


Clock synchronization is performed using the 
wired-AND connection of devices to the SCL 
LINE. This means that a High-to-Low transi- 
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COUNTER 
RESET 


START COUNTING 
HIGH PERIOD 


WF14390S 


Figure 7. Clock Synchronization During the Arbitration Procedure 


TRANSMITTER 1 LOSES ARBITRATION 
DATA1# SDA 


WF14400S 


Figure 8. Arbitration Procedure of Two Masters 


tion on the SCL line will affect the devices 
concerned, causing them to start counting off 
their Low period. Once a device clock has 
gone Low it will hold the SCL line in that state 
until the clock High state is reached (Figure 
7). However, the Low-to-High change in this 
device clock may not change the state of the 
SCL line if another device 

clock is still within its Low period. Therefore, 
SCL will be held Low by the device with the 
longest Low period. Devices with shorter Low 
periods enter a High wait state during this 
time. 


When all devices concerned have counted off 
their Low period, the clock line will be re- 
leased and go High. There will then be no 
difference between the device clocks and the 
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state of the SCL line and all of them will start 
counting their High periods. The first device 
to complete its High period will again pull the 
SCL line Low. 


In this way, a synchronized SCL clock is 
generated for which the Low period is deter- 
mined by the device with the longest clock 
Low period while the High period on SCL is 
determined by the device with the shortest 
clock High period. 


Arbitration 

Arbitration takes place on the SDA line in 
such a way that the master which transmits a 
High level, while another master transmits a 
Low level, will switch off its DATA output 
stage since the level on the bus does not 
correspond to its own level. 


Arbitration can carry on through many bits. 
The first stage of arbitration is the comparison 
of the address bits. If the masters are each 
trying to address the same device, arbitration 
continues into a comparison of the data. 
Because address and data information is 
used on the I°C bus for the arbitration, no 
information is lost during this process. 


A master which loses the arbitration can 
generate clock pulses until the end of the 
byte in which it loses the arbitration. 


If a master does lose arbitration during the 
addressing stage, it is possible that the win- 
ning master is trying to address it. Therefore, 
the losing master must switch over immedi- 
ately to its slave receiver mode. 


Figure 8 shows the arbitration procedure for 
two masters. Of course more may be in- 
volved, depending on how many masters are 
connected to the bus. The moment there is a 
difference between the internal data level of 
the master generating DATA 1 and the actual 
level on the SDA line, its data output is 
switched off, which means that a High output 
level is then connected to the bus. This will 
not affect the data transfer initiated by the 
winning master. As control of the IC bus is 
decided solely on the address and data sent 
by competing masters, there is no central 
master, nor any order of priority on the bus. 


Use of the Clock Synchronizing 


Mechanism as a Handshake 

In addition to being used during the arbitration 
procedure, the clock synchronization mecha- 
nism can be used to enable receiving devices 
to cope with fast data transfers, either on a 
byte or bit level. 


On the byte level, a device may be able to 
receive bytes of data at a fast rate, but needs 
more time to store a received byte or prepare 
another byte to be transmitted. Slave devices 
can then hold the SCL line Low, after recep- 
tion and acknowledge of a byte, to force the 
master into a wait state until the slave is 
ready for the next byte transfer in a type of 
handshake procedure. 


On the bit level, a device such as a micro- 
computer without a hardware |°C interface 
on-chip can slow down the bus clock by 
extending each clock Low period. In this way, 
the speed of any master is adapted to the 
internal operating rate of this device. 
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FORMATS 

Data transfers follow the format shown in 
Figure 9. After the start condition, a slave 
address is sent. This address is 7 bits long; 
the eighth bit is a data direction bit (R/W). A 
zero indicates a transmission (WRITE); a one 
indicates a request for data (READ). A data 
transfer is always terminated by a stop condi- 
tion generated by the master. However, if a 


master still wishes to communicate on the 
bus, it can generate another start condition, 
and address another slave without first gener- 
ating a stop condition. Various combinations 
of read/write formats are then possible within 
such a transfer. 


At the moment of the first acknowledge, the 
master transmitter becomes a master receiv- 


SCL 1-7 8 9 1-7 8 9 1-7 
1 INA 


er and the slave receiver becomes a slave 
transmitter. This acknowledge is still generat- 
ed by the slave. 


The stop condition is generated by the mas- 
ter. 


During a change of direction within a transfer, 
the start condition and the slave address are 
both repeated, but with the R/W bit reversed. 


8 9 
i 
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RiW ACK 


Possible Data Transfer Formats are: 


a) Master transmitter transmits to slave 
receiver. Direction is not changed. 


A = ACKNOWLEDGE 
S = START 
P = STOP 


b) Master reads slave immediately after 
first byte. 


c) Combined formats. 


NOTES: 
1 


DATA ACK 


Figure 9. A Complete Data Transfer 


STOP 
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DATA TRANSFERRED 
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| S| SuAVEADDRESS | R/W A aA | A aa PA 


| 
4” (READ) 


DATA TRANSFERRED 
(n BYTES + ACKNOWLEDGE) 


LS | SLAVE ADDRESS | R/W | A] daTA] A| S| SLAVEADDREsS | R/W | A | Data | A] P | 


= 


(n BYTES 


+ ACKNOWLEDGE) 


im 


(n BYTES 
+ ACKNOWLEDGE) 


DIRECTION OF 
TRANSFER MAY 
CHANGE AT 
THIS POINT 


AF03510S 


. Combined formats can be used, for example, to control a serial memory. During the first data byte, the internal memory location has to be written. After the start condition is repeated, 


data can then be transferred. 


2. All decisions on auto-increment or decrement of previously accessed memory locations, etc., are taken by the designer of the device. 
3. Each byte is followed by an acknowledge as indicated by the A blocks in the sequence. 
4. I?C devices have to reset their bus logic on receipt of a start condition so that they all anticipate the sending of a slave address. 
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ADDRESSING 

The first byte after the start condition deter- 
mines which slave will be selected by the 
master. Usually, this first byte follows that 
start procedure. The exception is the general 
call address which can address all devices. 
When this address is used, all devices 
should, in theory, respond with an acknowl- 
edge, although devices can be made to 
ignore this address. The second byte of the 
general call address then defines the action 
to be taken. 


Definition of Bits in the First 
Byte 


The first seven bits of this byte make up the 
slave address (Figure 10). The eighth bit 
(LSB —-least significant bit) determines the 
direction of the message. A zero on the least 
significant position of the first byte means that 
the master will write information to a selected 
slave; a one in this position means that the 
master will read information from the slave. 


+ SLAVE ADDRESS 
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Figure 10. The First Byte After the 
Start Procedure 


When an address is sent, each device in a 
system compares the first 7 bits after the start 
condition with its own address. If there is a 
match, the device will consider itself ad- 
dressed by the master as a Slave receiver or 
slave transmitter, depending on the R/W bit. 


The slave address can be made up of a fixed 
and a programmable part. Since it is expected 
that identical ICs will be used more than once 
in a system, the programmable part of the 
slave address enables the maximum possible 
number of such devices to be connected to 
the I2C bus. The number of programmable 
address bits of a device depends on the 
number of pins available. For example, if a 
device has 4 fixed and 3 programmable 
address bits, a total of eight identical devices 
can be connected to the same bus. 


The IC bus committee is available to coordi- 
nate allocation of I?C addresses. 


The bit combination 1111XXX of the slave 
address is reserved for future extension pur- 
poses. 


The address 1111111 is reserved as the 
extension address. This means that the ad- 
dressing procedure will be continued in the 
next byte(s). Devices that do not use the 
extended addressing do not react at the 
reception of this byte. The seven other possi- 
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Figure 11. General Call Address Format 
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Figure 12. Sequence of a Programming Master 


bilities in group 1111 will also only be used for 
extension purposes but are not yet allocated. 


The combination 0000XXX has been defined 
as a special group. The following addresses 
have been allocated: 


FIRST BYTE 


Slave _ 
R/W 


Address 
0 |General call address 
1 | Start byte 


CBUS address 
Address reserved for 
different bus format 


X 
X 


To be defined 


No device is allowed to acknowledge at the 
reception of the start byte. 


The CBUS address has been reserved to 
enable the intermixing of CBUS and |I?C 
devices in one system. IC bus devices are 
not allowed to respond at the reception of this 
address. 


The address reserved for a different bus 
format is included to enable the mixing of I?C 
and other protocols. Only I?C devices that are 
able to work with such formats and protocols 
are allowed to respond to this address. 


General Call Address 

The general call address should be used to 
address every device connected to the i”: 
bus. However, if a device does not need any 
of the data supplied within the general call 
structure, it can ignore this address by not 
acknowledging. If a device does require data 
from a general call address, it will acknowl- 
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edge this address and behave as a slave 
receiver. The second and following bytes will 
be acknowledged by every slave receiver 
capable of handling this data. A slave which 
cannot process one of these bytes must 
ignore it by not acknowledging. 


The meaning of the general call address is 
always specified in the second byte (Figure 
11). 


There are two cases to consider: 
1. When the least significant bit B is a zero. 
2. When the least significant bit B is a one. 


When B is a zero, the second byte has the 
following definition: 


00000110 (H'06') Reset and write the pro- 

grammable part of slave 
address by software and 
hardware. On receiving this 
two-byte sequence, all de- 
vices (designed to respond 
to the general call address) 
will reset and take in the 
programmable part of their 
address. 
Precautions must be taken 
to ensure that a device is 
not pulling down the SDA 
or SCL line after applying 
the supply voltage, since 
these low levels would 
block the bus. 


00000010 (H'02') Write slave address by 
software only. All devices 
which obtain the program- 
mable part of their address 
by software (and which 
have been designed to re- 
spond to the general call 
address) will enter a mode 
in which they can be pro- 
grammed. The device will 
not reset. 
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An example of a data transfer of a program- 
ming master is shown in Figure 12 (ABCD 
represents the fixed part of the address). 


00000100 (H'04') Write slave address by 
hardware only. All devices 
which define the program- 
mable part of their address 
by hardware (and which re- 
spond to the general call 
address) will latch this pro- 
grammable part at the re- 
ception of this two-byte se- 
quence. The device will not 
reset. 


00000000 (H'00') This code is not allowed to 
be used as the second 


byte. 


Sequences of programming procedure are 
published in the appropriate device data 
sheets. 


The remaining codes have not been fixed and 
devices must ignore these codes. 


When B is a one, the two-byte sequence is a 
hardware general call. This means that the 
sequence is transmitted by a hardware mas- 
ter device, such as a keyboard scanner, 
which cannot be programmed to transmit a 
desired slave address. Since a hardware 
master does not know in advance to which 
device the message must be transferred, it 
can only generate this hardware general call 
and its own address, thereby identifying itself 
to the system (Figure 13). 


The seven bits remaining in the second byte 
contain the device address of the hardware 
master. This address is recognized by an 
intelligent device, such as a microcomputer, 
connected to the bus which will then direct 
the information coming from the hardware 
master. If the hardware master can also act 
as a Slave, the slave address is identical to 
the master address. 


In some systems an alternative could be that 
the hardware master transmitter is brought in 
the slave receiver mode after the system 
reset. In this way, a system configuring mas- 
ter can tell the hardware master transmitter 
(which is now in slave receiver mode) to 
which address data must be sent (Figure 14). 
After this programming procedure, the hard- 
ware master remains in the master transmit- 
ter mode. 


Start Byte 

Microcomputers can be connected to the °c 
bus in two ways. If an on-chip hardware |?C 
bus interface is present, the microcomputer 
can be programmed to be interrupted only by 
requests from the bus. When the device 
possesses no such interface, it must con- 
stantly monitor the bus via software. Obvious- 
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|__| 00000000 _] A_| MASTERADDRESS | 1 | A | DATA | A | DATA | A} P| 


—_—_—_—_——" > 
GENERAL 
CALL ADDRESS 


SECOND 
BYTE 


fh et 


(n BYTES + ACKNOWLEDGE) 


Figure 13. Data Transfer From Hardware Master Transmitter 


TS] SLAVEADDR H/W MASTER | RIW | A] DUMPADDRFORHIWMASTER |X] A]? | 


WRITE 


a. Configuring master sends dump address to hardware master 


LS] DUMPADDRFROMH/WMASTER | R/W | A | DATA | A | DATA | A | P | 


WRITE 


(n BYTES + ACKNOWLEDGE) 
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b. Hardware master dumps data to selected slave device 


Figure 14. Data Transfer of Hardware Master Transmitter Capable of Dumping 
Data Directly to Slave Devices 


| 
L*) 


| START BYTE 00000001 —————>| 
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Figure 15. Start Byte Procedure 


ly, the more times the microcomputer moni- 
tors, or polls, the bus, the less time it can 
spend carrying out its intended function. 


Therefore, there is a difference in speed 
between fast hardware devices and the rela- 
tively slow microcomputer which relies on 
software polling. 


In this case, data transfer can be preceded by 
a start procedure which is much longer than 
normal (Figure 15). The start procedure con- 
sists of: 


a) A start condition, (S) 

b) A start byte 00000001 

c) An acknowledge clock pulse 
d) A repeated start condition, (Sr) 


After the start condition (S) has been trans- 
mitted by a master requiring bus access, the 
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start byte (00000001) is transmitted. Another 
microcomputer can therefore sample the 
SDA line on a low sampling rate until one of 
the seven zeros in the start byte is detected. 
After detection of this Low level on the SDA 
line, the microcomputer is then able to switch 
to a higher sampling rate in order to find the 
second start condition (Sr) which is then used 
for synchronization. 


A hardware receiver will reset at the reception 
of the second start condition (Sr) and will 
therefore ignore the start byte. 


After the start byte, an acknowledge-related 
clock pulse is generated. This is present only 
to conform with the byte handling format used 
on the bus. No device is allowed to acknowl- 
edge the start byte. 
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CBUS Compatibility 

Existing CBUS receivers can be connected to 
the |?C bus. In this case, a third line called 
DLEN has to be connected and the acknowl- 
edge bit omitted. Normally, I2C transmissions 
are multiples of 8-bit bytes; however, CBUS 
devices have different formats. 


In a mixed bus structure, I@C devices are not 
allowed to respond on the CBUS message. 
For this reason, a special CBUS address 
(0000001X) has been reserved. No |?C de- 
vice will respond to this address. After the 
transmission of the CBUS address, the DLEN 
line can be made active and transmission, 
according to the CBUS format, can be per- 
formed (Figure 16). 


After the stop condition, all devices are again 
ready to accept data. 


Master transmitters are allowed to generate 
CBUS formats after having sent the CBUS 
address. Such a transmission is terminated 
by a stop condition, recognized by all devices. 
In the low speed mode, full 8-bit bytes must 
always be transmitted and the timing of the 
DLEN signal adapted. 


lf the CBUS configuration is known and no 
expansion with CBUS devices is foreseen, 
the user is allowed to adapt the hold time to 
the specific requirements of device(s) used. 


ELECTRICAL SPECIFICATIONS 
OF INPUTS AND OUTPUTS OF 
I2C DEVICES 


The I?C bus allows communication between 
devices made in different technologies which 
might also use different supply voltages. 


For devices with fixed input levels, operating 
on a supply voltage of +5V+10%, the fol- 
lowing levels have been defined: 


Vitmax = 1.5V (maximum input Low 
voltage) 


February 1987 


CBUS STOP 
LOAD PULSE CONDITION 


WF 14430S 


LD05620S 


Figure 17. Fixed Input Level Devices Connected to the I27C Bus 


Vop = 0.9. 3V 


LD05630S 


Figure 18. Devices With a Wide Range of Supply Voltages Connected 
to the I7C Bus 


Vidmin = 3V (minimum input High 
voltage) 


Devices operating on a fixed supply voltage 
different from +5V (e.g. I@L), must also have 
these input levels of 1.5V and 3V for Vj, and 
Vin, respectively. 


For devices operating over a wide range of 
supply voltages (e.g. CMOS), the following 
levels have been defined: 


Vitmax = 0.3Vpp (maximum input Low 
voltage) 

Vidmin = 9.7Vpp (minimum input High 
voltage) 


For both groups of devices, the maximum 
output Low value has been defined: 


Vo-Lmax = 0.4V (max. output voltage Low) 
at 3mA sink current 
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The maximum low-level input current at 
VoLmax Of both the SDA pin and the SCL pin 
of an |?C device is -10yA, including the 
leakage current of a possible output stage. 


The maximum high-level input current at 
0.9Vpp of both the SDA pin and SCL pin of an 
°C device is 10uA, including the leakage 
current of a possible output stage. 


The maximum capacitance of both the SDA 
pin and the SCL pin of an I@C device is 10pF. 


Devices with fixed input levels can each have 
their own power supply of +5V+10%. Pull- 
up resistors can be connected to any supply 
(see Figure 17). 


However, the devices with input levels related 
to Vpp must have one common supply line to 
which the pull-up resistor is also connected 
(see Figure 18). 
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When devices with fixed input levels are 
mixed with devices with Vpp-related levels, 
the latter devices have to be connected to 
one common supply line of +5V + 10% along 
with the pull-up resistors (Figure 19). 


Input levels are defined in such a way that: 


1. The noise margin on the Low level is 0.1 
Vpp. 

2. The noise margin on the High level is 0.2 
Vop. 

3. Series resistors (Rs) up to 30022 can be 
used for flash-over protection against high 
voltage spikes on the SDA and SCL line 
(due to flash-over of a TV picture tube, for 
example) (Figure 20). 


The maximum bus capacitance per wire is 
400pF. This includes the capacitance of the 
wire itself and the capacitance of the pins 
connected to it. 


TIMING 

The clock on the IC bus has a minimum Low 
period of 4.7us and a minimum High period of 
4us. Masters in this mode can generate a bus 
clock with a frequency from 0 to 100kHz. 


All devices connected to the bus must be 
able to follow transfers with frequencies up to 
100kHz, either by being able to transmit or 
receive at that speed or by applying the clock 
synchronization procedure which will force 
the master into a wait state and stretch the 
Low periods. In the latter case the frequency 
is reduced. 


Figure 21 shows the timing requirements in 
detail. A description of the abbreviations used 
is shown in Table 2. All timing references are 
at Vitmax and Vitmin- 


Von =5V+0% 


Vop2 =5V +100% Vop3 = 5V +10% 


Figure 19. Devices With Vpp Related Levels Mixed With Fixed Input Level 
Devices on the I*C Bus 


LDOS650S 


Figure 20. Serial Resistors (Rs) for Protection Against High Voltage 


LOW-SPEED MODE 

As explained previously, there is a difference 
in speed on the I?C bus between fast hard- 
ware devices and the relatively slow micro- 
computer which relies on software polling. 
For this reason a low speed mode is available 
on the I°C bus to allow these microcomputers 
to poll the bus less often. 


Start and Stop Conditions 
In the low-speed mode, data transfer is pre- 
ceded by the start procedure. 


Data Format and Timing 

The bus clock in this mode has a Low period 
of 130us+25yus and a High period of 
390us + 25us, resulting in a clock frequency 
of approx. 2kHz. The duty cycle of the clock 
has this Low-to-High ratio to allow for more 
efficient use of microcomputers without an 
on-chip hardware |@C bus interface. In this 
mode also, data transfer with acknowledge is 
obligatory. The maximum number of bytes 
transferred is not limited (Figure 22). 


WF14441S 


Figure 21. Timing Requirements for the |?C Bus 
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Table 2. Timing Requirement for the IC Bus 


curs 
SYMBOL PARAMETER UNIT 


Se ie 
tour | Time te bus mst bo foe before anew vanamiason can sat «| a7 || 
ho sa | Hod ime start condone his porod the fst cock puse = generated | «| | = 
Tow | Te Low pero of he cook SSSC~*i | 
oh | The Hh period ofthe cock ——SSCSCSC~C~“~*~*~*~rC SYS 
cu sia | Set tne for sar coneton (On relovant for repeated wan conor) [a7 | | 


tHD: DAT Hold time DATA 
for CBUS compatible masters us 
for |°C devices US 


NOTES: 
All values referenced to Vij and Vj, levels. 
* Note that a transmitter must internally provide a hold time to bridge the undefined region (300ns max.) of the falling edge of SCL. 


WF14450S 


tsu; pat 
tuo; pat 


WF14461S 


Figure 23. Timing Low-Speed Mode 
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LOW SPEED MODE In this mode, a transfer cannot be terminated 

during the transmission of a byte. 

CLOCK > tlow = 130us + 25yus 

DUTY CYCLE : tig = 390us +25yus The bus is considered busy after the first start 
: 1:3 Low-to-High (Duty cycle of condition. It is considered free again one 

clock generator) minimum clock Low period, 105ys, after the 

START BYTE - 0000 0001 detection of the stop condition. Figure 23 

MAX. NO. OF BYTES - UNRESTRICTED shows the timing requirements in detail, Table 

PREMATURE TERMINATION OF TRANSFER : NOT ALLOWED 3 explains the abbreviations. 

ACKNOWLEDGE CLOCK BIT : ALWAYS PROVIDED 

ACKNOWLEDGEMENT OF SLAVES : OBLIGATORY 


Table 3. Timing Low Speed Mode 


LIMITS 
SYMBOL PARAMETER Tn | max UNIT 


aie | Time the bos mut bo foe before a raw vanarisson can sat «if was || 
he sa | Hold me sa conciton. Artis per the fest cock pulse i gererted | oes | | vs 
he sta Hold ne (peste sta coon ony ——SSSSSSC*i | 
tach | The Hon period of he cock ——SSSSCSC~C~S~S~S~SSti | 


typ; tpaTt Hold time DATA 
for CBUS compatible masters us 
for °C devices us 


Texan | Soup ime onta——SSSCS~—S de 
Pin | Piso te of bot SOA and SGLimes———SSSCS~=~“~*~*~*~*~sSSC‘“iS 
Pe | Fane of tom SDA and SCL nes ———SSSSCS~S~S~sTSS*dSC |e 


NOTES: 
All values referenced to Vi and Vj, levels. 
* Note that a transmitter must internally provide a hold time to bridge the undefined region (300ns max.) of the falling edge of SCL. 


February 1987 3-14 


Signetics Linear Products 


IC Bus Specification 


APPENDIX A 

Maximum and minimum values of the pull-up 
resistors Rp and series resistors Rs (See 
Figure 20). 


In a I?C bus system these values depend on 
the following parameters: 
-— Supply voltage 
- Bus capacitance 
— Number of devices (input current + leak- 
age current) 

1) The supply voltage limits the min- 
imum value of the Rp resistor due 
to the specified 3mA as minimum 
sink current of the output stages, 
at 0.4V as maximum low voltage. 
In Graph 1, Vpp against Rpmin is 
shown. 


g 
3 
z 
z 


Graph 1 


The desired noise margin of 0.1 Vpp for the 
low level limits the maximum value of Rs. 
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In Graph 2, Rsgmax against Rp is shown. 

2) The bus capacitance is the total ca- 

pacitance of wire, connections, and 

pins. This capacitance limits the maxi- 

mum value of Rp because of the 
specified rise time of tus. 


MAXIMUM VALUE Rg (2) 


Graph 2 


MAXIMUM VALUE Rp (kQ) 


Graph 3 


3-15 


In Graph 3, the bus capacitance — Rpmax 
relationship is shown. 
3) The maximum high-level input current 
of each input/output connection has a 
specified value of 104A max. Due to 
the desired noise margin of 0.2 Vpp 
for the high level, this input current 
limits the maximum value of Rp. This 
limit is dependent on Vpp. 


In Graph 4 the total high-level input cur- 
rent - Rpmax relationship is shown. 
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TOTAL HIGH LEVEL INPUT CURRENT (LA) 


OP03090S 


Graph 4 


IC LICENSE 

Purchase of Signetics or Philips |? compo- 
nents conveys a license under the Philips |@C 
patent rights to use these components in an 
°C system, provided that the system con- 
forms to the I?C standard specification as 
defined by Philips. 


signetics 
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INTRODUCTION 

The |?C (Inter-IC) bus is becoming a popular 
concept which implements an innovative seri- 
al bus protocol that needs to be understood. 
On the hardware level |@C is a collection of 
microcomputers (MAB8400, PCD3343, 
83C351, 84CXX) and peripherals (LCD/LED 
drivers, RAM, ROM, clock/timer, A/D, D/A, 
IR transcoder, |1/O, DTMF generator, and 
various tuning circuits) that communicate seri- 
ally over a two-wire bus, serial data (SDA) 
and serial clock (SCL). The |?C structure is 
optimized for hardware simplicity. Parallel 
address and data buses inherent in conven- 
tional systems are replaced by a serial proto- 
col that transmits both address and bidirec- 
tional data over a 2-line bus. This means that 
interconnecting wires are reduced to a mini- 
mum; only Vcc, ground and the two-wire bus 
are required to link the controller(s) with the 
peripherals or other controllers. This results in 
reduced chip size, pin count, and intercon- 
nections. An |@C system is therefore smaller, 
simpler, and cheaper to implement than its 
parallel counterpart. 


The data rate of the I°C bus makes it suited 
for systems that do not require high speed. 
An |°C controller is well suited for use in 
systems such as television controllers, tele- 
phone sets, appliances, displays or applica- 
tions involving human interface. Typically an 
12C system might be used in a control func- 
tion where digitally-controllable elements are 
adjusted and monitored via a central proces- 
sor. 


The |°C bus is an innovative hardware inter- 
face which provides the software designer 
the flexibility to create a truly multi-master 
environment. Built into the serial interface of 
the controllers are status registers which 
monitor all possible bus conditions: bus free/ 
busy, bus contention, slave acknowledge- 
ment, and bus interference. Thus an I@C 
system might include several controllers on 
the same bus each with the ability to asyn- 
chronously communicate with peripherals or 
each other. This provision also provides ex- 
pandability for future add-on controllers. (The 
I2C system is also ideal for use in environ- 
ments where the bus is subject to noise. 
Distorted transmissions are immediately de- 
tected by the hardware and the information 
presented to the software.) A slave acknowl- 
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edgement on every byte also facilitates data 
integrity. 


An |?C system can be as simple or sophisti- 
cated as the operating environment de- 
mands. Whether in a single master or multi- 
master system, noisy or ‘safe’, correct sys- 
tem operation can be insured under software 
control. 


CONTROLLERS 

Currently the family of |@C controllers include 
the MAB8400, and the PCD 3343 (the 
PCD3343 is basically a CMOS version of the 
MAB8400). The MAB8400 is based on the 
8048 architecture with the I@C interface built- 
in. The instruction set for the MAB8400 is 
similar to the 8048, with a few instructions 
added and a few deleted. Tables 1 and 2 
summarize the differences. 


Programs for the MAB8400 and PCD 3343 
may be assembled on an 8048-assembler 
using the macros listed in Appendix A. The 
serial |/O instructions involve moving data to 
and from the SO, S1, and S2 serial I/O control 
registers. The block diagram of the |7C inter- 
face is shown in Figure 1. 


SERIAL I/O INTERFACE 

A block diagram of the Serial Input/Output 
(SIO) is shown in Figure 1. The clock line of 
the serial bus (SCL) has exclusive use of Pin 
3, while the Serial Data (SDA) line shares Pin 


2 with parallel I1/O signal P23 of port 2. 
Consequently, only three I/O lines are avail- 
able for port 2 when the IC interface is 
enabled. 


Communication between the microcomputer 
and interface takes place via the internal bus 
of the microcomputer and the Serial Interrupt 
Request line. Four registers are used to store 
data and information controlling the operation 
of the interface: 

® data shift register SO 

® address register SO’ 

® status register S1 

@ clock control register S2. 


THE I7C BUS INTERFACE: 
SERIAL CONTROL REGISTERS 
So, S1 

All serial I@C transfers occur between the 
accumulator and register SO. The I@C hard- 
ware takes care of clocking out/in the data, 
and receiving/generating an acknowledge. In 
addition, the state of the I@C bus is controlled 
and monitored via the bus control register S1. 
A definition of the registers is as follows: 


Data Shift Register SO — SO is the data shift 
register used to perform the conversion be- 
tween serial and parallel data format. All 
transmissions or receptions take place 
through register SO MSB first. All I?C bus 
receptions or transmissions involve moving 
data to/from the accumulator from/to SO. 


Table 1. MAB8400 Family Instructions not in the MAB8048 Instruction Set 


MOV A,Sn 
MOV Sn,A 
MOV Sn,#data 
EN SI 
DIS SI 


DEC @Rr 
DJNZ @Rr,addr 


CONDITIONAL 
SERIAL 1/0 REGISTER CONTROL BRANCH 


SEL MB2 JNTF addr 
SEL MB3 


Table 2. MAB8048 Instructions not in the MAB8400 Family Instruction Set 


MOVX A,@R 
MOVX @R,A 
MOVP3 A,@A 
MOVD A,P 

MPVD P,A 

ANLD P,A 
ORLD P,A 


DATA MOVES | FLAGS BRANCH CONTROL 


*JNI addr 
JFO addr 
JF1 addr 


ENTOCLK 


*replaced by 
JTO, JNTO 
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BIT 7 


ADDRESS BACK-UP LATCHES 


r Tone —— er 


‘ DIG. FILTER : 
DATA 


INITIALIZE 
(Pin 17) 
O———> RESET Z 


CLOCK 


f DIG FILTER 7 


se 
SCLK 
(Pin 3) 


DATA SHIFT REGISTER 


ADDRESS REGISTER = 0 


WR SO’ 


ADDRESS COMPARATOR 


BIT 0 
WR SO 


RD SO 
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WR ADDR. LATCHES 


INT REQ 


8400 
INTERRUPT 


SIO LOGIC 


ere 


INTERNAL MICROCOMPUTER BUS 


MULTIPLEXER 


SERIAL CLOCK PULSE GENERATOR 


PROGR. COUNTER 


Sooo 


STATUS 
REGISTER 


<= INTERNAL CLOCK 


8D02561S 


Figure 1. Block Diagram of the MAB8400 SIO Interface 


Address Register SO’ — In multi-master 
systems, this register is loaded with a control- 
ler's slave address. When activated, 
(ALS = 0), the hardware will recognize when 
it is being addressed by setting the AAS 
(Addressed As Slave) flag. This provision 
allows a master to be treated as a slave by 
other masters on the bus. 


Status Register S1 — Si is the bus status 
register. To control the SIO interface, infor- 
mation is written to the register. The lower 4 
bits in S1 serve dual purposes; when written 
to, the control bits ESO, BC2, BC1, BCO are 
programmed (Enable Serial Output and a 3- 
bit counter which indicates the current num- 
ber of bits left in a serial transfer). When 
reading the lower four bits, we obtain the 
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status information AL, AAS, ADO, LRB (Arbi- 
tration Lost, Addressed As Slave, Address 
Zero (the general call has been received), the 
Last Received Bit (usually the acknowledge 
bit)). The upper 4 bits are the MST, TRX, BB, 
and PIN control bits (Master, Transmitter, Bus 
Busy, and Pending Interrupt Not). These bits 
define what role the controller has at any 
particular time. The values of the master and 
transmitter bits define the controller as either 
a master or slave (a master initiates a transfer 
and generates the serial clock; a slave does 
not), and as a transmitter or receiver. Bus 
Busy keeps track of whether the bus is free or 
not, and is set and reset by the ‘Start’ and 
'Stop' conditions which will be defined. Pend- 
ing Interrupt Not is reset after the completion 
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of a byte transfer + acknowledge, and can be 
polled to indicate when a serial transfer has 
been completed. An alternative to polling the 
PIN bit is to enable the serial interrupt; upon 
completion of a byte transfer, an interrupt will 
vector program control to location 07H. 


SERIAL CLOCK/ACKNOWLEDGE 
CONTROL REGISTER S2 


Register S2 contains the clock-control regis- 
ter and acknowledge mode bit. Bits 
$20 —- S24 program the bus clock speed. Bit 
S26 programs the acknowledge or not-ac- 
knowledge mode (1/0). The various |2C bus 
clock speed possibilities are shown in 
Table 3. 
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Table 3. Clock Pulse 
Frequency Control 
When Using a 4.43MHz Crystal 


HEX APPROX. 
$20 - $24 foLock 
CODE (kHz) 


Not Allowed 


0 
1 

2 
3 
4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
= 


*only values that may be used in the low speed mode 
(ASC = 1). 


These speeds represent the frequency of the 
serial clock bursts and do not reflect the 
speed of the processor's main clock (i.e. it 
controls the bus speed and has no effect on 
the CPU's execution speed). 


BUS. ARBITRATION 

Due to the wire-AND configuration of the |@C 
bus, and the self-synchronizing clock circuitry 
of |2C masters, controllers with varying clock 
speeds can access the bus without clock 
contention. During arbitration, the resultant 
clock on the bus will have a low period equal 
to the longest of the low periods; the high 
period will equal the shortest of the high 
periods. Similarly, when two masters attempt 
to drive the data line simultaneously, the data 
is 'ANDed', the master generating a low while 
the other is driving a high will win arbitration. 
The resultant bus level will be low, and the 
loser will withdraw from the bus and set its 
‘Arbitration Lost’ flag (S1 bit 3). 
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The losing Master is now configured as a 
slave which could be addressed during this 
very same cycle. These provisions allow for a 
number of microcomputers to exist on the 
same bus. With properly written subroutines, 
software for any one of the controllers may 
regard other masters as transparent. 


I2¢ PROTOCOL AND 
ASSEMBLY LANGUAGE 
EXAMPLES 


I?C data transfers follow a well-defined proto- 
col. A transfer always takes place between a 
master and a slave. Currently a microcompu- 
ter can be master or slave, while the 'CLIPS' 
peripherals are always slaves. In a 'bus-free' 
condition, both SCL and SDA lines are kept 
logical high by external pull-up resistors. All 
bus transfers are bounded by a 'Start' and a 
‘Stop’ condition. A 'Start' condition is defined 
as the SDA line making a high-to-low transi- 
tion while the SCL line is high. At this point, 
the internal hardware on all slaves are acti- 
vated and are prepared to clock-in the next 8 
bits and interpret it as a 7-bit address and a 
R/W control bit (MSB first). All slaves have an 
internal address (most have 2-3 program- 
mable address bits) which is then compared 
with the received address. The slave that 
recognized its address will respond by pulling 
the data line low during a ninth clock generat- 
ed by the master (all I?C byte transfers 
require the master to generate 8 clock pulses 
plus a ninth acknowledge-related clock 
pulse). The slave-acknowledge will be regis- 
tered by the master as a '0' appearing in the 
LRB (Last Received Bit) position of the S1 
serial 1/O status register. If this bit is high 


1/O EXPANDOR 
ADDR = ‘40'H 


after a transfer attempt, this indicates that a 
slave did not acknowledge, and that the 
transfer should be repeated. 


After the desired slave has acknowledged its 
address, it is ready to either send or receive 
data in response to the master's driving 
clock. All other slaves have withdrawn from 
the bus. In addition, for multi-master systems, 
the start condition has set the 'Bus Busy' bit 
of the serial I/O register S1 on all masters on 
the bus. This gives a software indication to 
other masters that the bus is in use and to 
wait until the bus is free before attempting an 
access. 


There are two types of |?C peripherals that 
now must be defined: there are those with 
only a chip address such as the I/O expan- 
der, PCF8574, and those with a chip address 
plus an internal address such as the static 
RAM, PCF8570. Thus after sending a start 
condition, address, and R/W bit, we must 
take into account what type of slave is being 
addressed. In the case of a slave with only a 
chip address, we have already indicated its 
address and data direction (R/W) and are 
therefore ready to send or receive data. This 
is performed by the master generating bursts 
of 9 clock pulses for each byte that is sent or 
received. The transaction for writing one byte 
to a slave with a chip address only is shown in 
Figure 3. 


In this transfer, all bus activity is invoked by 
writing the appropriate control byte to the 
serial |/O control register S1, and by moving 
data to/from the serial bus buffer register SO. 
Coming from a known state (MOV S1,#:18H- 
Slave, Receiver, Bus not Busy) we first load 
the serial |/O buffer SO with the desired 


RAM (128-BYTE) 
ADDR = ‘AO'H 


Figure 2. Schematic for Assembly Examples 
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ADDRESS ‘40H’ 


l START 
CONDITION 


Ngan, qe TEROrC ed ie 
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) ae 


RE So 


MOV S1,#18H 
MOV S0,#40H 


MOV S1,#0F8H 


CALL ACKWT: 


MOV A,#2AH 
MOV S0,A 
CALL ACKWT: 
MOV S1,#0D8H 


slave's address (MOV SO,#40H). To transmit 
this preceded by a start condition, we must 
first examine the control register S1, which, 
after initialization, looks like this: 


MAS- BUS 
TER TRANS BUSY PIN ESO BC2 BCi_ BCO 


pete e la ijele ls 


To transmit to a slave, the Master, Transmit- 
ter, Bus Busy, PIN (Pending Interrupt Not), 
and ESO (Enable Serial Output) must be set 
to a 1. This results in an 'F8H' being written to 
S1. This word defines the controller as a 
Master Transmitter, invokes the transfer by 
setting the 'Bus Busy’ bit, clears the Pending 
Interrupt Not (an inverted flag indicating the 
completion of a complete byte transfer), and 
activates the serial output logic by setting the 
Enable Serial Output (ESO) bit. 


BIT COUNTER $12, S11, S10 

BC2, BC1, and BCO comprise a bit-counter 
which indicates to the logic how long the 
word is to be clocked out over the serial data 
line. By setting this to a OOOH, we are telling it 
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etl | 
| DATA '2AH' 


| STOP 
| CONDITION 


‘Initialize S1-Slave, Receiver, Bus not 


‘Busy, Enable Serial 1/0. 


-R/W bit. 


‘Preload SO with Slave’s address & 


‘Invoke start condition & slave address 


;(Master, Transmitter, Bus Busy, Enable 
‘Serial |/O, Bit Counter = 000). 


‘Check for transmission complete, ack. 


‘received, no arbitration, etc. 


‘Get a data byte. 

‘Transmit data byte. 

‘Wait for transmission complete again. 
;Generate Stop condition 


‘(Master, Transmitter, Bus not Busy). 


Figure 3 


to produce 9 clocks (8 bits plus an acknowl- 
edge clock) for this transfer. The bit counter 
will then count off each bit as it is transmitted. 
The bit counter possibilities are shown in 
Table 4. 


Thus the bit counter keeps track of the 
number of clock pulses remaining in a serial 
transfer. Additionally, there is a not-acknowl- 
edge mode (controlled through bit 6 of clock 
control register S2) which inhibits the ac- 
knowledge clock pulse, allowing the possibili- 
ty of straight serial transfer. We may thus 
define the word size for a serial transfer (by 


WF14311S 


preloading BC2, BC1, BCO with the appropri- 
ate control number), with or without an ack- 
nowledge-related clock pulse being generat- 
ed. This makes the controller abie to transmit 
serial data to most any serial device regard- 
less of its protocol (e.g., C-bus devices). 


CHECKING FOR SLAVE 
ACKNOWLEDGE 

After a ‘Start’ condition and address have 
been issued, the selected slave will have 
recognized and acknowledged its address by 


Table 4. Binary Numbers in Bit-Count Locations BC2, BC1 and BCO 


veescoeel 
sevoeeel 
seovecee| § 


ll 
OANA & W PP 


WITHOUT ACK 


BITS/BYTE 


BITS/BYTE 
WITH ACK 
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pulling the data line low during the ninth clock 
pulse. During this period, the software (which 
runs on the processor's 4MHz clock) will 
have been either waiting for the transfer to be 
completed by polling the PIN bit in S1 which 
goes low on completion of a transfer/recep- 
tion (whose length is defined by the pre- 
loaded Bit-counter value), or by the hardware 
in Serial Interrupt mode. The serial interrupt 
(vectored to 07H) is enabled via the EN SI 
(enable serial interrupt) instruction. 


At the point when PIN goes low (or the serial 
interrupt is received) the 9-bit transfer has 
been completed. The acknowledgement bit 
will now be in the LRB position of register S1, 
and may be checked in the routine 'ACKWT' 
(Wait for Acknowledge) as shown in Figure 4. 


This routing must go one step further in multi- 
master systems; the possibility of an Arbitra- 
tion Lost situation may occur if other masters 
are present on the bus. This condition may be 
detected by checking the 'AL' bit (bit 3). If 
arbitration has been lost, provisions for re- 
attempting the transmission should be taken. 
If arbitration is lost, there is the possibility that 
the controller is being addressed as a Slave. 
If this condition is to be recognized, we must 
test on the 'AAS' bit (bit 2). A ‘General Call’ 
address (OOH) has also been defined as an 
‘all-call' address for all slaves; bit 1, ADO, 
must be tested if this feature is to be recog- 
nized by a Master. 


After a successful address transfer/acknowl- 
edge, the slave is ready to be sent its data. 
The instruction MOV SO,A will now automati- 
cally send the contents of the accumulator 
out on the bus. After calling the ACKWT 
routine once more, we are ready to terminate 
the transfer. The Stop condition is created by 
the instruction 'MOV S1, #0D8H'. This re- 
sets the bus-busy bit, which tells the hard- 
ware to generate a Stop—the data line 
makes a low-to-high transition while the clock 
remains high. All bus-busy flags on other 
masters on the bus are reset by this signal. 


The transfer is now complete — PCF8574 
1/O Expandor will transfer the serial data 
stream to its 8 output pins and latch them 
until further update. 
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MOV A,S1 


JB4 ACKWT 


JBO BUSERR 


RET 


;Get bus status word 
sfrom S1. 

;Poll the PIN bit 

;until it goes low 
sindicating transfer 
;completed 

;Jump to BUSERR 
;routine if acknowledge 
snot received. 

;transfer complete, 
;acknowledge received - return. 


Figure 4 


MASTER READS ONE BYTE 
FROM SLAVE 


A read operation is a similar process; the 
address, however, will be 41H, the LSB 
indicating to the 1/O device that a read is to 
be performed. During the data portion of a 
read, the I/O port 8574 will transmit the 
contents of its latches in response to the 
clock generated by the master. The Master/ 
Receiver in this case generates a low-level 
acknowledge on reception of each byte (a 
‘positive’ acknowledge). Upon completion of 
a read, the master must generate a ‘negative’ 
acknowledge during the ninth clock to indi- 
cate to the slaves that the read operation is 
finished. This is necessary because an arbi- 
trary number of bytes may be read within the 
same transfer. A negative acknowledge con- 
sists of a high signal on the data line during 
the ninth clock of the last byte to be read. To 
accomplish this, the master 8400 must leave 
the acknowledge mode just before the final 
byte, read the final byte (producing only 8 
clock pulses), program the bit-counter with 
001 (preparing for a one-bit negative ac- 
knowledge pulse), and simply move the con- 
tents of SO to the accumulator. This final 
instruction accomplishes two things simulta- 
neously: it transfers the final byte to the 
accumulator and produces one clock pulse 
on the SCL line. The structure of the serial 
I/O register SO is such that a read from it 
causes a double-buffered transfer from the 
I7C bus to SO, while the original contents of 
SO are transferred to the accumulator. Be- 
cause the number of clocks produced on the 
bus is determined by the control number in 
the Bit Counter, by presetting it to 001, only 
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one clock is generated. At this point in time 
the slave is still waiting for an acknowledge; 
the bus is high due to the pull-up, as single 
clock pulse in this condition is interpreted as 
a 'negative' acknowledge. The slave has now 
been informed that reading is completed; a 
Stop condition is now generated as before. 
The read process (one byte from a slave with 
only a chip address) is shown in Figure 5. 
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‘NEGATIVE ACKNOWLEDGE’ 


ACKNOWLEDGE 


ADDRESS = ‘41H’ 


START | sToP 
| CONDITION | CONDITION 
| 


| 
SS EERE Se See SS ns i 


MOV S1,#18H ;Initialize serial |/O control 
register. 

MOV S0,#41H ;Preload serial register SO 
;with slave address and RD 
‘control bit. 

MOV S1,#0F8H ‘Send address to bus along with 
Start condition. 

CALL ACKWT ‘Wait for acknowledge (as 
;before). 

MOV S2,#01H ‘Leave acknowledge mode. 

MOV SO,A ‘Read data from slave to SO. 

MOV A,S1 ;Test for byte received by 
itesting S1 PIN bit. 

JB4 Wait ‘Wait until PIN received. 

MOV S1,#0A9H ‘Set Bit Counter to 1 and 
;become a receiver (AQ = 
‘Mst,Rec,Bus Busy,Bit Coutner = 
001). 

MOV A,SO ‘Move data to accumulator and 
‘clock out a negative 

MOV S1,#008H ‘acknowledge. 
‘Generate Stop Condition. 


Figure 5 
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COMMUNICATION WITH PERIPHERAL REQUIRED 


INITIALIZE 
BUS 
STATUS 


LOAD SO WITH SLAVE 
ADDRESS AND RD/WR BIT 
START CONDITION 
AND TRANSMIT ADDRESS 


PIN 
& 
ACK 
RECEIVED 
? 


SEND/RECEIVE 
DATA BYTE 


PIN 
& 
ACK 
RECEIVED 


GENERATE 
STOP CONDITION 


RETURN 


MOV S1, #18H 


MOV SO, #0A0H 
MOV S1, #0F8H 


CALL ACKWT 
MOV A,#00H 


MOV S0,A 
CALL ACKWT 
MOV S1, #18H 


MOV A,#0A1H 
MOV SO,A 
GENERATE MOV S1,#0F8H 
STOP 
pod Pl CALL ACKWT 
MOV A,SO 
CALL ACKWT 


MOV A,SO 


CALL ACKWT 
MOV RO,A 
MOV A,SO 


CALL ACKWT 
MOV R1,A 


MOV S2,#01H 
MOV A,SO 
MOV R2,A 
MOV A,S1 
JB4 WAIT1 


MOV S1,#0D8H 
MOV S2,#41H 


PF00770S 


Figure 6. Flowchart for Reading/Writing One Byte to an I?C 
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‘Initialize bus-status register 
‘Master, Transmitter, 
‘Bus-not-Busy, Enable SIO. 
‘Load SO with RAM’s chip 
;adadress. 

‘Start cond. and transmit 
‘address. 

‘Wait until address received. 
‘Set up for transmitting RAM 
‘location address. 

‘Transmit first RAM address. 
‘Wait. 

‘Set up for a repeated Start 
‘condition. 

‘Get RAM. chip address & RD bit. 
‘Send out to bus 

‘preceded by repeated Start. 


‘Wait. 

‘First data byte to SO. 

;Wait. 

‘Second data byte to SO. 
‘And First data byte to Acc. 
‘Wait. 

‘Save first byte in RO. 

‘Third data byte to SO 

sand second data byte to Acc. 
‘Wait. 

‘Save second data byte 

‘in R11. 

‘Leave ack. mode. 

;Bit Counter=001 for neg ack. 
‘Third data byte to acc 
;negative ack. generated. 
‘Save third data byte in R2. 
‘Get bus status. 

Wait until transfer complete. 
‘Stop condition. 

‘Restore acknowledge mode. 


DF05700S 


Peripheral; Single-Master, Single-Address Slave 


These examples apply to a slave with a chip 
address — more than one byte can be writ- 
ten/read within the same transfer; however, 
this option is more applicable to IC devices 
with sub-addresses such as the static RAMs 
or Clock/Calendar. In the case of these types 
of devices, a slightly different protocol is 
used. The RAM, for example, requires a chip 
address and an internal memory location 
before it can deliver or accept a byte of 
information. During a write operation, this is 
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done by simply writing the secondary address 
right after the chip address — the peripheral 
is designed to interpret the second byte as an 
internal address. In the case of a Read 
operation, the slave peripheral must send 
data back to the Master after it has been 
addressed and sub-addressed. To accom- 
plish this, first the Start, Address, and Sub- 
address is transmitted. Then we have a 
repeated start condition to reverse the direc- 
tion of the data transfer, followed by the chip 
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address and RD, then a data string (w/ 
acknowledges). This repeated Start does not 
affect other peripherals — they have been 
deactivated and will not reactivate until a 
Stop condition is detected. I?C peripherals 
are equipped with auto-incrementing logic 
which will automatically transmit or receive 
data in consecutive (increasing) locations. 
For example, to read 3 consecutive bytes to 
PCB8571 RAM locations 00, 01 and 02, we 
use the following format as shown in Figure 7. 
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This routine reads the contents of location 00, 
01 and 02 of the PCB8571 128-byte RAM and 
puts them in registers RO, R1, and R2. The 
auto-incrementing feature allows the pro- 
grammer to indicate only a starting location, 
then read an arbitrary block of consecutive 
memory addresses. The WAIT 1 loop is 
required to poll for the completion of the final 
byte because the ACKWT routine will not 
recognize the negative acknowledge as a 
valid condition. 
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BUS ERROR CONDITIONS: 
ACKNOWLEDGE NOT RECEIVED 


In the above routines, should a slave fail to 
acknowledge, the condition is detected dur- 
ing the 'ACKWT' routine. The occurrence 
may indicate one of two conditions: the slave 
has failed to operate, or a bus disturbance 
has occurred. The software response to eéi- 
ther event is dependent on the system appli- 
cation. In either case, the 'BusErr' routine 
should reinitialize the bus by issuing a 'Stop' 
condition. Provision may then be taken to 
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repeat the transfer an arbitrary number of 
times. Should the symptom persist, either an 
error condition will be entered, or a backup 
device can be activated. 


These sample routines represent single-mas- 
ter systems. A more detailed analysis of multi- 
master/noisy environment systems will be 
treated in further application notes. Examples 
of more complex systems can be found in the 
‘Software Examples' manual; publication 
9398 615 70011. 
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APPENDIX A 

Only the 8048 assembler is capable of as- 
sembling MAB8400 source code when it has 
at least a ''DATA" or "Define Byte’' assem- 
bler directive, possibly in combination with a 
MACRO facility. 


MACRO DEFINITIONS 


1 $MACROFILE 


The new instructions can be simply defined 
by MACROs. The instructions which are not 
in the MAB8400 should not be in the 
MAB8400 source program. 


An example of a macro definitions list is given 
here for the Intel Macro Assembler. 


This list can be copied in front of a MAB8400 
source program; the new instructions are 
added to the MAB8400 source program by 
calling the MACRO via its name in the op- 
code field and (if required) followed by an 
operand in the operand field. 


SOURCE STATEMENT 


2 ;MACROS FOR 8048 ASSEMBLER RECOGNITION 


3 ;OF 8400 COMMANDS 


; PORT 0 INSTRUCTIONS: 
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MOVSOA 
DB 3CH 
ENDM 
MOVASO 
DB OCH 
ENDM 
MOVS1A 
DB 3DH 
ENDM 
MOVAS1 
DB ODH 
ENDM 
MOVS2A 
DB 3EH 
ENDM 
MOVSO 
DB 9CH,L 
ENDM 
MOVS1 
DB 9DH,L 
ENDM 
MOVS2 
DB 9EH,L 
ENDM 
ENSI 

DB 85H 
ENDM 
DISSI 
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MACRO 


MACRO 


MACRO 


MACRO 


MACRO 


MACRO L 


MACRO L 


MACRO L 


MACRO 


MACRO 


95H 


MACRO 
08H 


MACRO 
38H 


MACRO L 
88H,L 


MACRO L 
98H,L 


;MOV SO,A 


;MOV A,SO 


;MOV S1,A 


;MOV A,S1 


;MOV S2,A 


;MOV SO,#DATA 


;MOV S1,#DATA 


;MOV S2,#DATA 


‘EN Sl 


;DIS SI (Disable serial 
interrupt) 


;OUTL PO,A 


;ORL PO,#DATA 


;ANL PO,#DATA 
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MACRO DEFINITIONS (Continued) 


LINE SOURCE STATEMENT 


52; DATA MEMORY INSTRUCTIONS: 

53 DECARO ;DEC @RO 

54 DB 

55 ENDM 

56; 

57 DECAR1 ;DEC @R1 

58 DB 

59 ENDM 

60; 

61; SELECT MEMORY BANK INSTRUCTIONS: 

62 SELMB2 ;SEL MB2 

63 DB 

64 ENDM 

65; 

66 SELMB3 ;SEL MB3 

67 DB 

68 ENDM 

69; 

70; CONDITIONAL JUMP INSTRUCTIONS: 

71 DJNZAO MACRO L ;DJNZ @RO,ADDR 

72 DB OEOH,L AND OFFH 

73 ENDM 

74; 

75 DJNZA1 MACRO L ;DJNZ @R1,ADDR 

76 DB 0E1H,L AND OFFH 

77 ENDM 

78; 

79 JNTF MACRO L ‘JUMP IF TIMERFLAG IS 
NON ZERO 


80 DB 06H,L AND OFFH 
81 ENDM 

82 

83; END OF MACRO DEFINITIONS 
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THE 8400 INSTRUCTIONS BUILT FROM THE MACRO LIST 


LOC/OBJ LINE SOURCE STATEMENT 


0000 
;MACRO for MOV A,SO 
0000 OC OCH 
MOVAS1 ;MACRO for MOV A,S1 
0001 OD DB ODH 
MOVSOA ;MACRO for MOV SO,A 
0002 3C DB 3CH 
MOVS1A ;MACRO For MOV S1,A 
0003 3D 3DH 
;MACRO For MOV S2,A 
0004 3E 3EH 
56H ;MACRO For MOV SO, 
#56H 
0005 9C 9CH,56H 
0006 56 
9FH ;MACRO for MOV S1, 
#9FH 
0007 9D 9DH,9FH 
0008 9F 
OE8H ;MACRO for 
#0E8H 
0009 9E 9EH,OE8H 
000A E8 
;MACRO for EN S1 
000B 85 85H 
;MACRO for DIS Sl 
000C 95 95H 
;MACRO for IN A,PO 
000D 08 08H 


;MACRO for OUTL PO,A 


OOOE 38 38H 
5AH ;MACRO for ORL PO,A 
OOOF 88 88H,5AH 
0010 5A 
2FH ;MACRO for ANL PO,A 
0011 98 98H,2FH 
0012 2F 
DECARO ;MACRO for DEC @RO 
0013 CO DB OCOH 
DECAR1 ;MACRO for DEC @Ri1 
0014 C1 OCiH 
;MACRO for SEL MB2 
0015 A5 OA5H 
;MACRO for SEL MB3 
0016 B5 OB5H 
DJNZAO 567H ;MACRO for DJNZ @RO, 
567H 
0017 EO DB 0E0OH,567H AND 
OFFH 
0019 67 
DJNZA1 OEFEH ;MACRO for DJNZ @R1, 
OEFEH 
0019 E1 DB 0E1H,OEFEH AND 
OFFH 
001A FE 
789H ;MACRO for JNTF 789H 
001B 06 06H, 789H AND 
OFFH 
001C 89 
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DESCRIPTION FEATURES PIN CONFIGURATION 


The PCF8570 is a low power 2048-bit e@ Operating supply voltage: 2.5V to 
static CMOS RAM organized as 256 6V 

words by 8-bits. Addresses and data are e Low data retention voltage: min. 
transferred serially via a two-line bidirec- 1.0V 

tional bus (I°C). The built-in word ad- » tow standby current: max. 5uA 
dress register is incremented automati- ep ; ant 50nA 
cally after each written or read data byte. Ene Ree. Bee eae : o 
Three address pins — AO, A1, and A2— © Serial input/output bus (I°C) 


N, D Packages 


are used for programming the hardware @ Address by 3 hardware address sila Seca 
address, allowing the use of up to eight pins DESCRIPTION 
devices connected to the bus without e Automatic word address 
additional hardware. incrementing Address inputs 
e 8-lead DIP package Negative supply 
Serial data line }iec bus 
APPLICATIONS ing scab ir teak speed-up; must 
e Telephony RAM expansion for be connected to Vgs when not in 
stored numbers in repertory ree ein pats 
dialing (e.g., PCD3343 Positive supply 


applications) 

e Radio and television channel 
presets 

e Video cassette recorder 

e General purpose RAM expansion 
for the microcomputer families 
MAB8400 and PCF84C00 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE | ORDER CODE 
8-Pin Plastic DIP (SOT-97A) -40°C to +85°C PCF8570PN 
8-Pin Plastic SO (SO-8L; SOT-176) -40°C to +85°C PCF8570TD 


Ta 


V 
[ies 6s | Sipe ouron (Pn «or Pn) «| m 
[Pror | Power dsspaion per package | 000 
Po | Power dissipation per ouput =i Sis 


Tix [ Onerating anton omperaire ange | -0 vas | “0 
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BLOCK DIAGRAM 
iat WORD MEMORY 
ADDRESS Bs é CELL 
REGISTER ARRAY 


Se INPUT if 2c COLUMN | , 
Fifer |, | BUSCONTROL SELECT MULTIPLEXER 


R/iW 
CONTROL 


DC ELECTRICAL CHARACTERISTICS Vpp = 2.5 to 6V; Vsg = OV; Ta =-40°C to +85°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
min | tye | Max 


Seey SSC“~SC“SsSC“‘S*SSCSCSSSS 
a 


Supply current at fgc. = 100kKHz; V; = Vss or Vpp 
200 pA 
15 pA 
5 HA 


ron [Poweron rset vonage vei! ——SSC=~“‘“‘*S*~rCSSYCnw® Ye 
[ve [put otage tow? —SSCSC~S~“~*~*~*~S~SO SY S~*d OV 
Tin [input vonage HGH? ———SSCS~*~*~S~S~s Vow | —*ds Wo ro | 
Tex [ovtout curent Low at Vor=oavSSSCS~—~Ss~sS Cid 
ion [Oui eaage curent HIGH at Vou=Voo SSS 
2 [input enka cent (20, AS, AB) at Vi=Voo orves—| +d ——*d afm 
a 0 
Tc, [input eapactance (SOL, SOW aRVnves——SSSC*iSSC‘“RSSC“‘“(;S 
tow [Totwrabie spe wih on bus —SSSS~S~—SSS~iSSS~«dC 
voor [spy votage or daa voionion ——=S=~=“‘*‘“*é‘“sSCS‘SC‘“iRSSC“‘“(;S OC 
a 0 
cor [sy eurent at voon= WiTa=-asw roe —*| +i ——Si«d Se 
Trower swing mode SSOSC~“~S~S“—SsSs~“—~S~SSSSSS 


Power saving mode 


NOTES: 
1. The power-on reset circuit resets the IC bus logic when Vop < Vpor. 
2. If the input voltages are a diode voltage above or below the supply voltage Vpp or Vss an input current will flow; this current must not exceed +0.5mA. 
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Ipp operating 
Ippo standby 
Ippo standby at T, =-25 to +70°C 
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CHARACTERISTICS OF THE I7C 
BUS 

The |?C bus is for 2-way, 2-line communica- 
tion between different ICs or modules. The 
two lines are a serial data line (SDA) and a 


serial clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy. 


DATA LINE | CHANGE | 
STABLE: OF DATA 
DATA VALID | ALLOWED | 


Bit Transfer 

One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 
pulse, as changes in the data line at this time 
will be interpreted as control signals. 


WF18500S 


Start and Stop Conditions 
Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-LOW transi- 


Figure 1. Bit Transfer 


tion of the data line while the clock is HIGH is 
defined as the start condition (S). A LOW-to- 
HIGH transition of the data line while the 


clock is HIGH is defined as the stop condition 
(P). 


WF18510S 


Figure 2. Definition of Start and Stop Conditions 


System Configuration 
A device generating a message is a ''trans- 
mitter''; a device receiving a message is the 


TRANSMITTER/ 
RECEIVER 


"receiver''. The device that controls the mes- 
sage is the ''master'' and the devices which 


TRANSMITTER/ 
RECEIVER 


Figure 3. System Configuration 


are controlled by the master are the 
"slaves". 


TRANSMITTER/ 
RECEIVER 


AF04590S 
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Acknowledge 

The number of data bytes transferred be- 
tween the start and stop conditions from 
transmitter to receiver is not limited. Each 
byte of eight bits is followed by one acknowl- 
edge bit. The acknowledge bit is a HIGH level 
put on the bus by the transmitter whereas the 
master generates an extra acknowledge re- 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


Timing Specifications 

Within the |?C bus specifications a high- 
speed mode and a low-speed mode are 
defined. The device operates in both modes 
and the timing requirements are as follows: 


High-Speed Mode 
Masters generate a bus clock with a maxi- 
mum frequency of 100kHz. Detailed timing is 
shown in Figure 5. 
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lated clock pulse. A slave receiver which is 
addressed must generate an acknowledge 
after the reception of each byte. Also a 
master must generate an acknowledge after 
the reception of each byte that has been 
clocked out of the slave transmitter. The 
device that acknowledges has to pull down 
the SDA line during the acknowledge clock 
pulse, so that the SDA line is stable LOW. 


Figure 4. Acknowledge on the I?C Bus 


During the HIGH period of the acknowledge 
related clock pulse, setup and hold times 
must be taken into account. A master receiv- 
er must signal an end of data to the transmit- 
ter by not generating an acknowledge on the 
last byte that has been clocked out of the 
slave. In this event the transmitter must leave 
the data line HIGH to enable the master to 
generate a stop condition. 


CLOCK PULSE FOR 
ACKNOWLEDGEMENT 


t > tlowmin 
t > tyigHmin Start condition hold time 
Clock LOW period 
Clock HIGH period 


t 
tuo» tpar + 


The minimum time the bus must be free before a new transmission can start 


Start condition set-up time; only valid for repeated start code 


Data hold time 


t 2 250ns Data setup time 


t<1ps 
t <300ns 


t > tlowmin Stop condition setup time 


Rise time of both the SDA and SCL line 
Fall time of both the SDA and SCL line 


All the timing values refer to Vi and Vj, levels with a voltage swing of Vss to Vpp. 


Figure 5. Timing of the High-Speed Mode 
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Vf LAAN ALT 
an’ AU DU De Gal De OU aU AYO ae 


cn ck Ro ae on aeerog = "Dees . RA. pm 


START ADDRESS RIiW ADDRESS R/iW 
CONDITION CONDITION 


Where: 
Clock tLowmin 4.7ps 
tHIGHmin 4us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1:1 (LOW-to-HIGH) 
Maximum number of bytes Unrestricted 
Premature termination of transfer Allowed by generation of STOP condition 
Acknowledge clock bit Must be provided by the master 


Figure 6. Complete Data Transfer in the High-Speed Mode 


Low-Speed Mode 

Masters generate a bus clock with a maxi- 
mum frequency of 2kHz; a minimum LOW 
period of 105us and a minimum HIGH period 
of 365us. The mark-to-space ratio is 1:3 
LOW-to-HIGH. Detailed timing is shown in 
Figure 7. 


Where: 

taur t > 105us (tLowmin) 
tuo, tsta t > 365yus (tHiGHmin) 
tLlow 130 ws+ 25us 
tHIGH 390 ws+ 25yus 

tsu, tsta 130us+ 25us* 

tuo, toar t> Ous 

tsu, tpar t2250ns 

ta t< ys 

te t< 300ns 

tsu, tsto 130ust 25yus 


NOTES: 
All the timing values refer to Vj and Vi, levels with a voltage swing of Vss to Vpp. 
For definitions see high-speed mode. 


*Only valid for repeated start code. 


Figure 7. Timing of the Low-Speed Mode 
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ih Sa ny Oe Se ES I CS 
“VV VO VV 


= Nee ass ane ee reset SN nn = EEE RO EE Ces eS eee wee see” ae nee RR RSS a em ane en mR en ne ell 


START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP 
CONDITION ACKNOWLEDGE CONDITION 


WF18570S 


Where: 
Clock tLowmin 130us+ 25us 
tHIGHmin 390us + 25us 
Mark-to-space ratio 1:3 (LOW-to-HIGH) 
Start byte 0000 0001 
Maximum number of bytes 6 
Premature termination of transfer Not allowed 
Acknowledge clock bit Must be provided by master 


Figure 8. Complete Data Transfer in Low-Speed Mode 
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Bus Protocol dressed first. The addressing is always done _ ferent PCF8570 READ and WRITE cycles is 
Before any data is transmitted on the 2C bus, with the first byte transmitted after the start shown in Figure 9. 
the device which should respond is ad- procedure. The me bus configuration for dif- 


ACKNOWLEDGE ACKNOWLEDGE 
FROM SLAVE FROM SLAVE 


Cs [1 savenboress)—ro[a] 1 wohoaboress Ja]. om. Jaq 


ae BYTES 
AUTO INCREMENT 


MEMORY WORD ADDRESS 


AF04600S 


a. Master Transmits to Slave Receiver (WRITE Mode) 


ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE 
FROM SLAVE FROM SLAVE FROM SLAVE FROM MASTER 


Ts [1 svenoomess’ Toa] ‘woromvoness [a] 6]. savenooness Ja] | om, [Ap o> 


AT THIS MOMENT MASTER 


AUTO INCREMENT 


BECOMES SLAVE TRANSMITTER OND. ADORESS 


NO ACKNOWLEDGE 
FROM MASTER 


acy MI CE 
L_ ast evre 


b. Master Reads After Setting Word Address (WRITE Word Address; READ Data) 


ACKNOWLEDGE NO ACKNOWLEDGE 
FROM SLAVE FROM MASTER 


AUTO INCREMENT AUTO INCREMENT 
WORD ADDRESS WORD ADDRESS 


AF04612S 


c. Master Reads Slave Immediately After First Byte (READ Mode) 
Figure 9 
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APPLICATION INFORMATION 
The PCF8570 slave address has a fixed 
combination 1010 as group 1, while group 2 is 
fully programmable (see Figure 10.) 


a aE 


AF04620S 


NOTE: 
PCF8570A version: the slave address AO state is X (don't care); however, the hardware address AO input must still be connected to Vss or Vpp. 


Figure 10. PCF8570 Address 


UP TO 8 PCF8570 
WITHOUT ADDITIONAL 
HARDWARE 


TC15510S 


NOTE: 
AO, A1, and A2 inputs must be connected to Vpp or Vss but not left open. 


Figure 11. PCF8570 Application Diagram 
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POWER SAVING MODE 
With the condition TEST = Vppr, the 
PCF8570 goes into the power saving mode. 


NOTE: 
1. In the operating mode, TEST = 0. 
2. In the power saving mode, TEST = Vopr. 


Figure 13. Application Example for Power Saving Mode 
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DESCRIPTION FEATURES 


The PCF8571 is a low power 1024-bit @ Operating supply voltage: 
static CMOS RAM organized as 128 2.5V to 6V 

words by 8 bits. Addresses and data are e Low data retention voltage: 
transferred serially via a two-line bidirec- min. 1.0V 

tional bus (I?C). The built-in word ad- 


‘am _ @ Low standby current: 
dress register is incremented automati- 


max. 5yuA 
cally after each written or read data byte. p i oo 
Three address pins — AO, A1, and A2 — ower saving moce: 
typ. 50nA 


are used for programming the hardware 2 
address, allowing the use of up to eight ° Serial input/output bus (I°C) 
devices connected to the bus without @ Address by 3 hardware address 
additional hardware. pins 
e Automatic word address 
incrementing 


e 8-lead DIP package 


APPLICATIONS 


e Telephony 
RAM expansion for stored 
numbers in repertory dialing 
(e.g., PCD3340 applications) 


e Radio and television 
channel presets 


e Video cassette recorder 


e General purpose 
RAM expansion for the 
micro-computer families MAB8400 
and PCF84C00 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE; ORDER CODE 
8-Pin Plastic DIP (SOT-97A) -25°C to +70°C PCF8571PN 
8-Pin Plastic SO (VSO-8; SOT-176) -25°C to +70°C PCF8571TD 


ABSOLUTE MAXIMUM RATINGS 


ies 6s | Sunpy curent Pn 4 or Pn) | sim 
Pror | Power dsaton por package | so ——«: Cm 
Po | Power dsspaion per out ‘| so ——*| mw 
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PIN CONFIGURATION 
N, D Packages 


AO [1 18} Vop 
Al [2 / |7 | TEST 
A2 | 3) 16} SCL 
Ves [ZI rE] spa 


TOP VIEW 


SYMBOL DESCRIPTION 


Address inputs 


Negative supply 
Serial data line 
Serial clock line 


} I2C bus 


Test input for test speed-up; must 
be connected to Vss when not in 
use. (Power saving mode, see 
Figures 12 and 13) 

Positive supply 


853-1036 86701 
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BLOCK DIAGRAM 


POWER RIW 
ON CONTROL 
RESET 


BD07870S 


DC ELECTRICAL CHARACTERISTICS Vpp = 2.5 to 6V; Vsg = OV; Ta =-25°C to +70°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | tye | Max 


"veo | Sie wots ——=SC=“‘C*SC*~*~‘“‘CS*d’SCBCS*«dSC“‘#™SNUN 


Supply current at fgc. = 100kHz; V; = Vss or Vpp 
lpp operating 
Ippo standby 


Power-on reset voltage level at Vso. = Vspa = Vop' | 46 | 48 [yee | | 
Input SCL; input/output SDA 

vu | Input votage Lowe SSS~*~“~*~*~“‘“~*~*~*~*~*~*~SC~C~SYSCSC‘“‘“*sO 
[vn | Input votage HIGH? ——SSSSS*~*~*~*~« OT Vow | «ds otc | 
ion | Ouput ment towatVa-ovSSSS™~—sSC STS 
tow | Outout leakage curent HIGH st Von=Voo———~SC*dSSCS*~*idSCSC“‘“‘ROOOC*dSCO 
=| nput leakage current A0, At, 2) at Vi=Voo orves | (| +t 10 —*if mk 
tea, | Clock tequeney Foe) SSSSC*dSCSYSSSSC*dSCt Ye 
Tc. | Input capactance (SCL, SA atvi=ves—SS=~dSC*‘“‘(CS*‘LC*#éd S?)—~S=d?C 
tow | Tolerable spite wish on us SSSCS~—~‘SC“‘“(RSSC*dSCOWOOCw 

LOW Vpp data retention 

 Voon | Suppty votage for detaeienion ———SS~=~“~*~*~*éidCSisSC‘“(#RTNNSSSC#SCNNNNT 
teon | SupoW curent at Voon=tVSSSCS~—~—s~‘—~é‘iSSC“‘(!SS*dY YA 


Power saving mode (Figure 12) 


NOTES: 
1. The power-on reset circuit resets the I2C bus logic when Vpp < Vpor: 
2. If the input voltages are a diode voltage above or below the supply voltage Vpp or Vss an input current will flow: this current must not exceed +0.5mA. 
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CHARACTERISTICS OF 

THE I7C BUS 

The |?C bus is for 2-way, 2-line communica- 
tion between different ICs or modules. The 
two lines are a serial data line (SDA) and a 


serial clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy. 


DATA LINE | 
STABLE: 
DATA VALID 


CHANGE | 
OF DATA 
| ALLOWED | 


Figure 1. Bit Transfer 


Bit Transfer 

One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 
pulse, as changes in the data line at this time 
will be interpreted as control signals. 


Start and Stop Conditions 
Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-LOW transi- 


tion of the data line while the clock is HIGH is 
defined as the start condition (S). A LOW-to- 
HIGH transition of the data line while the 


clock is HIGH is defined as the stop condition 
(P). 


Figure 2. Definition of Start and Stop Conditions 


System Configuration 
A device generating a message is a ''trans- 
mitter''; a device receiving a message is the 


TRANSMITTER/ 
RECEIVER 


"receiver''. The device that controls the mes- 
sage is the ''master'’ and the devices which 


TRANSMITTER/ 
RECEIVER 


Figure 3. System Configuration 


are controlled by the master are the 
"slaves". 
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Acknowledge 

The number of data bytes transferred be- 
tween the start and stop conditions from 
transmitter to receiver is not limited. Each 
byte of eight bits is followed by one acknowl- 
edge bit. The acknowledge bit is a HIGH level 
put on the bus by the transmitter, whereas the 
master generates an extra acknowledge re- 


START 
CONDITION 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


lated clock pulse. A slave receiver which is 
addressed must generate an acknowledge 
after the reception of each byte. Also, a 
master must generate an acknowledge after 
the reception of each byte that has been 
clocked out of the slave transmitter. The 
device that acknowledges has to pull down 
the SDA line during the acknowledge clock 
pulse, so that the SDA line is stable LOW. 


Product Specification 


PCF8571 


During the HIGH period of the acknowledge 
related clock pulse, set-up and hold times 
must be taken into account. A master receiv- 
er must signal an end-of-data to the transmit- 
ter by not generating an acknowledge on the 
last byte that has been clocked out of the 
slave. In this event the transmitter must leave 
the data line HIGH to enable the master to 
generate a stop condition. 


CLOCK PULSE FOR 
ACKNOWLEDGEMENT 


a eR SEN A RR 
DATA OUTPUT 
BY RECEIVER 


Timing Specifications 
Within the |?C bus specifications a high- 
speed mode and a low-speed mode are 


t > tlowmin 
t > thicHmin 
4.7us 


Figure 4. Acknowledgement on the I7C Bus 


defined. The PCF8571 operates in both 
modes and the timing requirements are as 
follows: 


te 


tLow tho» tpar 


tupt 
HD’ “STA tsytsta 


4us Clock HIGH period 


t > tlowmin 

t > Ous 

t 2 250ns 

t<1pys 

t <300ns 
tsu, tsto t > tlowmin 


NOTE: 


Start condition setup time; only valid for repeated start code 
Data hold time 

Data setup time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition setup time 


All the timing values refer to Vj and Vi, levels with a voltage swing of Vss to Vpp. 
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Figure 5. Timing of the High-Speed Mode 
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WF18520S 


High-Speed Mode 
Masters generate a bus clock with a maxi- 
mum frequency of 100kHz. Detailed timing is 
shown in Figure 5. 


tsutpar 


tsurtsto 


WF16930S 


The minimum time the bus must be free before a new transmission can start 
Start condition hold time 
Clock LOW period 
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“TARA TAAL AAR 


Ne rr re ee ee ee” eee —— i oS ue paced 


START ADDRESS RIW ACK START ADDRESS R/W 
CONDITION CONDITION 


Where: 
Clock tLowmin 4.7us 
tHIGHmin 4us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1:1 (LOW-to-HIGH) 
Maximum number of bytes Unrestricted 
Premature termination of transfer Allowed by generation of STOP condition 
Acknowledge clock bit Must be provided by the master 


Figure 6. Complete Data Transfer in the High-Speed Mode 


Low-Speed Mode 

Masters generate a bus clock with a maxi- 
mum frequency of 2kHz; a minimum LOW 
period of 105us and a minimum HIGH period 


of 365us. The mark-to-space ratio is 1:3 J —— 
LOW-to-HIGH. Detailed timing is shown in 


Figure 7. 


thicH 


tp» toar = 


Where: 

tgur t2>105us (tLowmin) 
tuo, tsta t 2 365us (tHiGHmin) 
tLlow 130us + 

tHIGH 390us + 

tsu, tsta 130us + 

tuo, toat 

tsu, tpat 

tr 

tr 

tsu, tsto 1304s + 25yus 


NOTES: 

All the timing values refer to Vj and Vj, levels with a voltage swing of Vss to Vpp. 
For definitions see high-speed mode. 

*Only valid for repeated start code. 


Figure 7. Timing of the Low-Speed Mode 
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ol rn ne Va Me Oe GRA 


~—aa sence ete eee nae seen SRS Sa, Ren oe Re Rt eon ae cement re —— eee ter nen er ae re ee ne on eee ~<=lYe 
START START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP 


CONDITION ACKNOWLEDGE START CONDITION 
CONDITION 


WF18570S 


Where: 
Clock tLowmin 130us + 25us 
tHIGHmin 390us + 25yus 
Mark-to-space ratio 1:3 (LOW-to-HIGH) 
Start byte 0000 0001 
Maximum number of bytes 6 
Premature termination of transfer Not allowed 
Acknowledge clock bit Must be provided by master 


Figure 8. Complete Data Transfer in the Low-Speed Mode 
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Bus Protocol dressed first. The addressing is always done _ ferent PCF8571 READ and WRITE cycles is 
Before any data is transmitted on the IC bus, ‘With the first byte transmitted after the start shown in Figure 9. 
the device which should respond is ad- procedure. The IC bus configuration for dif- 


MEMORY WORD ADDRESS 


AF04640S 


a. Master Transmits to Slave Receiver (WRITE mode) 


ACKNOWLEDGE 
FROM SLAVE 


Ps, venom Tole 


PCF 8571 SLAVE RECEIVER 
BECOMES SLAVE TRANSMITTER 


List evre—___ 


b. Master Reads After Setting Word Address (WRITE Word Address; READ Data) 


c. Master Reads Slave Immediately After First Byte (READ Mode) 


NOTE: 
X = don't care bit 


Figure 9 


December 2, 1986 4-18 


Signetics Linear Products Product Specification 


14K Serial RAM PCF8571 


APPLICATION INFORMATION 
The PCF8571 slave address has a fixed 
combination 1010 as group 1, while group 2 is 
fully programmable (see Figure 10). 


= GROUP 1 —_ GROUP 2 - 


AF04620S 


Figure 10. PCF8571 Address 


TC15531S 


NOTES: 
AO, Ai, and A2 inputs must be connected to Vpp or Vss but not left open. 


Figure 11. PCF8571 Application Diagram 
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POWER SAVING MODE 

With the condition TEST =A2=A\1 

= A0=Vppr, the PCF8571 goes into the 
power saving mode. 


POWER SAVING MODE OPERATING MODE 


WF18580S 
Where: 
tsu 2 4us 
typ 2 4us 


Figure 12. Timing for Power Saving Mode 


(mt 
ey 
MICROCOMPUTER 
spa Yoo 


TC15541S 
NOTES: 


1. In the operating mode, TEST =0 (AO, A1, = 0; A2 = 1). 
2. In the power saving mode, TEST = AO = A1 = A2 = Vopr. 


Figure 13. Application Example for Power Saving Mode 
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DESCRIPTION 


The PCF8573 is a low threshold, mono- 
lithic CMOS circuit that functions as a 
real-time clock/calendar in the Inter IC 
(I2C) bus-oriented microcomputer sys- 
tems. The device includes an address- 
able time counter and alarm register, 
both for minutes, hours, days and 


PCF8573 
Clock/Calendar With Serial I/O 


Product Specification 


PIN CONFIGURATION 


N, D Packages 


FEATURES 

e Serial input/output bus (I2C) 
interface for minutes, hours, 
days and months 

e Additional pulse outputs for 
seconds and minutes 

e Alarm register for presetting a 
time for alarm or remote 


months. Three special control/status 
flags, COMP, POWF and NODA, are 
also available. Information is transferred 
serially via a two-lin bidirectional bus 
(I?C). Back-up for the clock during sup- 
ply interruptions is provided by a 1.2V 


switching functions 


e Battery back-up for clock 
function during supply 
interruption 


e Crystal oscillator control 


; ; TOP VIEW 
nickel cadmium battery. The time base is (32.768kHz) liek ite!  skaaioees 
generated from a 32.768kHz crystal- APPLICATIONS " "nO Address input 
—e ° Automotive CowP Comparator ouput 

SDA Serial data line 2 
e Telephony SCL Serial clock line J! bus 


EXTPF Enable power fail flag 
input 

Power fail flag input 
Negative supply 2 (I@C 
interface) 

MIN One pulse per minute 

output 

SEC One pulse per second 
output 

Oscillator tuning output 

Test input; must be 
connected to Vsso 
when not in use 

OSCI Oscillator input 

OSCO Oscillator input/output 
Vssi Negative supply 1 (clock) 
Vop Common positive supply 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE 
16-Pin Plastic DIP (SOT-38) -40°C to +85°C 


PFIN 
Vss2 


ORDER CODE 
PCF8573PN 
PCF8573T 


ABSOLUTE MAXIMUM RATINGS 


Tin [inet coment «Sma 
[P| Maximum power datipaton per package | 200 | _mW 


FSET 
TEST 
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BLOCK DIAGRAM 


POWER-ON 
32.768 kHz (J o he OSCILLATOR ; RESET 


TIME COUNTER 


DAYS ——> 
MINUTES ——® HOURS ——> DATE <+— ssiaiinadad 


7c 
INPUT | ae 
FILTER 
CONTROL 
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DC ELECTRICAL CHARACTERISTICS Vss2= OV; Ta =-40 to + 85°C, unless otherwise specified. Typical values at 
Ta = + 25°C. 


LIMITS 


a pe ts 
min | tye |e 


Supply current Vss1 


-lss1 at Vpp - Vssi = 1.5V 
-Issi at Vpp - Vssi = 5V 


Supply current Vsso 
at Vpp - Vsse2 = 5V 
(lo = OmA on all outputs) 


Inputs SCL, SDA, AO, A1, TEST 


P vw | input votes HIGH SSSSC*dSCSCi Xoo TTC 

| se | 
Input leakage current 

Inputs EXTPF, PFIN 


Input leakage current 
+ |) at Vi =Vssi to Vpp 1 yA 
at Ta = 25°C; 
+h Vi=Vssi to Vpp 0.1 pA 


Outputs SEC, MIN, COMP, FSET (normal buffer outputs) 


Output voltage HIGH 
at Vpp — Vsso = 2.5V; 
-lo =0.1mA 

at Vpp — Vss2 = 4 to 6V; 
-lo = 0.5mA 


Output voltage LOW 
at Vpp - Vsso = 2.5V; 
VoL lo = 0.3mMA 0.4 Vv 
at Vpp - Vss2 = 4 to 6V; 
VoL lo = 1.6mMA 0.4 V 
Output SDA (N-Channel open drain) 
Output 'ON': lo = 3mA 
VoL at Vpp — Vss2 = 2.5 to 6V V 
Output 'OFF' (leakage current) 
at Vpp - Vss2 = 6V; Vo = 6V pA 
Internal Threshold —— 


Power 'ON' reset 
VTH2 at Vsc_ = Vspa = Vop V 
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AC ELECTRICAL CHARACTERISTICS Vsg2 = OV; Ta =-40 to + 85°C, unless otherwise specified. Typical values at 
Ta = + 25°C. 


LIMITS 
eed ea pwn |e [mx | 


Rise and Fall Times of Input Signals 


a CC 
OO 


Input signals except EXTPF and PFIN 
us 
us 
Frequency at SCL 


between Vi, and Vj levels 
rise time 
fall time 
at Vpp —- Vss2 = 4 to 6V 
tLow Pulse width LOW (see =— 7 and 9 
| & 1] Noise suppression time constant at SCL and SDA input oe Se ar eee 
Oscillator 


Oscillator stability for: 
A(Vpp - Vss1) = 100mV 
at Vpp - Vssi = 1.55V; P 
f/fosc ~ 2x10 


| overs onsiapermetee ——SSSCSC~—~—S~—“—sSs~sSC“‘“;CC 
| Fenueney=o2700Wte SOSCS~S 

a 
__ 
ee eo 


Parallel capacitance 
Trimmer capacitance 
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DATA LINE 
STABLE: | 
DATA VALID 


CHANGE | 
OF DATA 
| ALLOWED | 


WF16980S 


Figure 1. Bit Transfer 


Minutes 
Hours 
Days 


00 to 59 
00 to 23 
01 to 28 


01 to 30 
01 to 31 
01 to 12 


NOTE: Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS. 


FUNCTIONAL DESCRIPTION 


Oscillator 

The PCF8573 has an integrated crystal-con- 
trolled oscillator which provides the time base 
for the prescaler. The frequency is deter- 
mined by a single 32.768kHz crystal connect- 
ed between OSCI and OSCO. A trimmer is 
connected between OSCI and Vpp. 


Prescaler and Time Counter 

The prescaler provides a 128Hz signal at the 
FSET output for fine adjustment of the crystal 
oscillator without loading it. The prescaler 
also generates a pulse once a second to 
advance the seconds counter. The carry of 
the prescaler and the seconds counter are 
available at the outputs SEC and MIN, re- 
spectively, and are also readable via the 2c 
bus. The mark-to-space ratio of both signals 
is 1:1. The time counter is advanced one 
count by the falling edge of output signal MIN. 
A transition from HIGH to LOW of output 
signal SEC triggers MIN to change state. The 
time counter counts minutes, hours, days and 
months, and provides a full calendar function 
which needs to be corrected once every four 
years. Cycle lengths are shown in Table 1. 


Alarm Register 

The alarm register is a 24-bit memory. It 
stores the time-point for the next setting of 
the status flag COMP. Details of writing and 
reading of the alarm register are included in 
the description of the characteristics of the 
IC bus. 
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Table 2. Power Fail Selection 


Test mode 


NOTE: 
0: connected to Vss; (LOW) 
1: connected to Vpp (HIGH) 


Comparator 

The comparator compares the contents of 
the alarm register and the time counter, each 
with a length of 24 bits. When these contents 
are equal, the flag COMP will be set 4ms after 
the falling edge of MIN. This set condition 
occurs once at the beginning of each minute. 
This information is latched, but can be 
cleared by an instruction via the I?C bus. A 
clear instruction may be transmitted immedi- 
ately after the flag is set, and then it will be 
executed. Flag COMP information is also 
available at the output COMP. The compari- 
son may be based upon hours and minutes 
only if the internal flag NODA (no date) is set. 
Flag NODA can be set and cleared by sepa- 
rate instructions via the I@C bus, but it is 
undefined until the first set or clear instruction 
has been received. Both COMP and NODA 
flags are readable via the I@C bus. 


Power On/Power Fail Detection 
If the voltage Vpp — Vssi falls below a certain 
value, the operation of the clock becomes 
undefined. Thus, a warning signal is required 
to indicate that faultless operation of the 
clock is not guaranteed. This information is 
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[exter [ PFN [FUNCTION OSOSO—SOSSOSCSCSCSCSC~S 


Power fail is sensed internally 


Power fail is sensed externally 
No power fail sensed 


PCF8573 


| 2 (see note) 


4, 6, 9, 11 
1, 3, 5, 7, 8, 10, 12 


latched in a flag called POWF (Power Fail) 
and remains latched after restoration of the 
correct supply voltage until a write procedure 
with EXECUTIVE ADDRESS has been re- 
ceived. The flag POWF can be set by an 
internally-generated power fail level-discrimi- 
nator signal for application with (Vpp -— Vss1) 
greater than Vr}, or by an externally-gener- 
ated power fail signal for application with 
(Vpp - Vssi) less than Vy. The external 
signal must be applied to the input PFIN. The 
input stage operates with signals of any slow 
rise and fall times. Internally-or externally- 
controlled POWF can be selected by input 
EXTPF as shown in Table 2. 


The external power fail control operates by 
absence of the Vpp — Vsse2 supply. Therefore, 
the input levels applied to PFIN and EXTPF 
must be within the range of Vpp-Vssi. A 
LOW level at PFIN indicates a power fail. 
POWF is readable via the IC bus. A power- 
on reset for the I2C bus control is generated 
on-chip when the supply voltage Vpp -— Vsso 
is less than Vtppo. 
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Interface Level Shifters 

The level shifters adjust the 5V operating 
voltage (Vpp - Vssz2) of the microcontroller to 
the internal supply voltage (Vpp — Vssi) of the 
clock/calendar. The oscillator and counter 
are not influenced by the Vpp - Vsse supply 
voltage. If the voltage Vpp- Vsse2 is absent 
(Vsso = Vpp) the output signal of the level 
shifter is HIGH because Vpp is the common 
node of the Vpp- Vss2 and the Vpp- Vssi 
supplies. Because the level shifters invert the 
input signal, the internal circuit behaves as if 
a LOW signal is present on the inputs. FSET, 
SEC, MIN and COMP are CMOS push-pull 
output stages. The driving capability of these 
outputs is lost when the supply voltage 
Vpp — Vsse2 = 0. 


CHARACTERISTICS OF THE I?C 
BUS 


The |°C bus is for 2-way, 2-line communica- 
tion between different ICs or modules. The 
two lines are a serial data line (SDA) and a 
serial clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy. 


| 
START 
CONDITION 


Bit Transfer (see Figure 1) 

One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 
pulse as changes in the data line at this time 
will be interpreted as control signals. 


Start and Stop Conditions 

(see Figure 2) 

Both data and clock lines remain HIGH when 
the bus is not busy. A HIGH-to-LOW transi- 
tion of the data line while the clock is HIGH is 
defined as the start condition (S). A LOW-to- 
HIGH transition of the data line while the 
clock is HIGH is defined as the stop condition 


(P). 
System Configuration 


(see Figure 3) 

A device generating a message is a ''trans- 
mitter'’, a device receiving a message is the 
''receiver''. The device that controls the mes- 
sage is the ''master'' and the devices which 
are controlled by the master are the 
"slaves". 


Acknowledge (see Figure 4) 

The number of data bytes transferred be- 
tween the start and stop conditions from 
transmitter to receiver is not limited. Each 
byte of eight bits is followed by one acknowl- 
edge bit. The acknowledge bit is a HIGH level 


PCF8573 


put on the bus by the transmitter whereas the 
master generates an extra acknowledge-re- 
lated clock pulse. A slave receiver which is 
addressed must generate an acknowledge 
after the reception of each byte. Also a 
master must generate an acknowledge after 
the reception of each byte that has been 
clocked out of the slave transmitter. The 
device that acknowledges has to pull down 
the SDA line during the acknowledge clock 
pulse. So that the SDA line is stable LOW 
during the HIGH period of the acknowledge 
related clock pulse, setup and hold times 
must be taken into account. A master receiv- 
er must signal an end of data to the transmit- 
ter by not generating an acknowledge on the 
last byte that has been clocked out of the 
slave. In this event, the transmitter must leave 
the data line HIGH to enable the master to 
generate a stop condition (see Figures 11 
and 12). 


Timing Specifications 

Within the I?C bus specifications a high- 
speed mode and a low-speed mode are 
defined. The PCF8573 operates in both 
modes and the timing requirements are as 
follows: 


High-Speed Mode — Masters generate a 
bus clock with a maximum frequency of 
100kHz. Detailed timing is shown in Figure 5. 


| Se | 
STOP 
CONDITION 


WF16970S 


Figure 2. Definition of Start and Stop Conditions 


MASTER 
TRANSMITTER/ 
RECEIVER 
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SLAVE 


RECEIVER TRANSMITTER/ 


RECEIVER 


Figure 3. System Configuration 
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CLOCK PULSE FOR 
ACKNOWLEDGEMENT 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


Figure 4. Acknowledgement on the I7C Bus 


rai 


tHicH 


typ tpar tsu toar 


tsu tsto 


WF20540S 


Where: 

tgur i The minimum time the bus must be free before a new transmission can start 
tho, tsta Start condition hold time 

tLowmin .7uS Clock LOW period 

tHIGHmin Clock HIGH period 

tsu, tsta i Start condition setup time, only valid for repeated start code 

tuo, tpat Data hold time 

tsu, toat Data setup time 

tr Rise time of both the SDA and SCL line 

te Fall time of both the SDA and SCL line 

tsu, tsto j Stop condition setup time 


NOTE: 
1. All the values refer to Vj and Vi, levels with a voltage swing of Vpp to Vsgsp. 


Figure 5. Timing of the High-Speed Mode 
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NS NK INXS NLT NT 
eT = — | — ——) 


START ADDRESS RW START ADDRESS RIW ACK 
CONDITION CONDITION 


WF16920S 


Where: 


tHIGHmin 4us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1:1 (LOW-to-HIGH) 
Max. number of bytes unrestricted 
Premature termination of transfer allowed by generation of STOP condition 
Acknowledge clock bit must be provided by the master 


Figure 6. Complete Data Transfer in the High-Speed Mode 


Low-Speed Mode — Masters generate a a minimum LOW period of 105us and a_ space ratio is 1:3 LOW-to-HIGH. Detailed 
bus clock with a maximum frequency of 2kHz; minimum HIGH period of 365us. The mark-to- timing is shown in Figure 7. 


tsu tsto 


WF20550S 


Where: 


tauF t2105us (tLowmin) 
tuo, tsTa t > 365yus (tHiGgHmin) 
tLow 130us + 25us 

tHIGH 390us + 25us 

tsu, tsta 130us + 25us* 

tuo: tpat t>Ous 

tsu, toat i 

t t 

te t< 300ns 

tsu, tsto 130us + 25us 


“Only valid for repeated start code. 


NOTE: 
1. All the values refer to Vi and Vi, levels with a voltage swing of Vpp to Vsse; for definitions see high-speed rnode. 


Figure 7. Timing of the Low-Speed Mode 


February 10, 1987 4-28 


Signetics Linear Products 


Clock/Calendar With Serial 1/O 


<—_" a ececen e es SRRT e e EET E e eee  E emcae” —— 
START BYTE 


START 
CONDITION 


Where: 
Clock tLowmin 
tHIGHmin 
Mark-to-space ratio 
Start byte 
Maximum number of bytes 
Premature termination of transfer 
Acknowledge clock bit 


NOTE: 


REPEATED 
START 
CONDITION 


DUMMY 
ACKNOWLEDGE 


130us + 25us 

390us + 25us 

1:3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 


1. The general characteristics and detailed specification of the I27C bus are described in a separate data sheet 
(serial data buses) in handbook: /Cs for digital systems in radio, audio and video equipment. 
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Newnes es ee noe ene a enemas commer ee 


ADDRESS 


ACKNOWLEDGE STOP 


CONDITION 


WF18570S 


Figure 8. Complete Data Transfer in the Low-Speed Mode 


ADDRESSING 

Before any data is transmitted on the I?C bus, 
the device which should respond is ad- 
dressed first. The addressing is always done 
with the first byte transmitted after the start 
procedure. 


Slave Address 

The clock/calendar acts as a slave receiver 
or slave transmitter. Therefore, the clock 
signal SCL is only an input signal, but the data 
signal SDA is a bidirectional line. The clock 
calendar slave address is shown in Figure 9. 


The subaddress bits AO and A1 correspond 
to the two hardware address pins AO and A1 
which allows the device to have 1 of 4 
different addresses. 


LSB 


DF06250S 


Figure 9. Slave Address 


Clock/Calendar READ/WRITE 
Cycles 


The |?C bus configuration for different clock/ 
calendar READ and WRITE cycles is shown 
in Figures 10 and 11. 


The write cycle is used to set the time 
counter, the alarm register and the flags. The 
transmission of the clock/calendar address is 


ACKNOWLEDGE 
FROM SLAVE 


ACKNOWLEDGE 
FROM SLAVE 


followed by the MODE-POINTER-WORD 
which contains a CONTROL-nibble (Table 3) 
and an ADDRESS-nibble (Table 4). The AD- 
DRESS-nibble is valid only if the preceding 
CONTROL-nibble is set to EXECUTE AD- 
DRESS. The third transmitted word contains 
the data to be written into the time counter or 
alarm register. 


ACKNOWLEDGE 
FROM SLAVE 


RW MSB LSB 
CLOCK/CALENDAR 


| |___,erres- 


AUTO INCREMENT 
OF Bi, BO 


DFO6260S 


Figure 10. Master Transmitter Transmits to Clock/Calendar Slave Receiver 
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Table 3. CONTROL-nibble At the end of each data word the address bits 
Bi, BO will be incremented automatically 

BL ae provided the preceding CONTROL-nibble is 
Execute address set to EXECUTE ADDRESS. There is no 


Read control/status flags carry to B2. 
Reset prescaler, including seconds counter; without carry for minute 


Table 5 shows the placement of the BCD 
upper and lower digits in the DATA byte for 
writing into the addressed part of the time 
counter and alarm register, respectively. 


counter 
Time adjust, with carry for minute counter’ 
Reset NODA flag 


Set NODA flag 
Reset COMP flag Acknowledgement response of the clock cal- 


endar as slave receiver is shown in Table 6. 


NOTE: 
1. If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. -30 sec. From 
the count 30 there is a carry which adjusts the time by max. +30 sec. 


Table 4. ADDRESS-nibble Table 5. Placement of BCD Digits in the DATA Byte 


MSB DATA LSB 
UPPER DIGIT LOWER DIGIT 


Lc | LB | LA | ADDRESSED To: 


Hours 
Minutes 
Days 
Months 


Time counter hours 
Time counter minutes 
Time counter days 
Time counter months 
Alarm register hours 
Alarm register minutes 
Alarm register days 
Alarm register months 


0000 


NOTE: 
1. Where ''X"' is the don't care bit and ''D"' is the data bit. 


ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE 
FROM i FROM bow FROM a FROM nny NO ACKNOWLEDGE") 


TL aw} MSB ise y MSB 


AT THIS MOMENT MASTER (n — 1) BYTES n™ BYTE—— 
TRANSMITTER BECOMES 
MASTER RECEIVER AND 
CLOCK/CALENDAR 


BECOMES SLAVE TRANSMITTER AUTO INCREMENT AUTO INCREMENT 
OF B1, BO OF 81, BO 


NOTE: 
The master receiver must signal an end-of-data to the slave transmitter by not generating an acknowledge on 
the last byte that has been clocked out of the slave. 


Figure 11. Master Transmitter Reads Clock/Calendar After Setting Mode Pointer 
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ACKNOWLEDGE ACKNOWLEDG 
FROM SLAVE FROM MASTER 


MSB 
CLOCK/CALENDAR 


n BYTES———1 


AUTO INCREMENT 
OF B1, BO 


NOTE: 


DF06270S 


The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been clocked out of the slave. 


Figure 12. Master Reads Clock/Calendar Immediately After First Byte 


To read the addressed part of the time digits in the DATA byte are organized as 

counter and alarm register, plus information shown in Table 7. 

from specified control/status flags, the BCD The status of the MODE-POINTER-WORD 
concerning the CONTROL-nibble remains un- 


Table 6. Slave Receiver Acknowledgement 


Telefe, fefefey 


x~-AeSs et KH OOCOOoOCWUlCLCO 
~< KK KK OK OK OK OK OX 
< MK KK KK OK OK OK OX 


<A Se OoOOoOf- +S! OC Oo 
<x<~-Oo-t OoOr-'OoO+-'C CO 


<< KK KK KK HO 


-—-oOo0°0dc0coocCceoco 
Kx KKK KK OK OK OK OX 


NOTE: 
1. Where ''X"' is the don't care bit. 


Table 7. Organization of the BCD Digits in the DATA Byte 


MSB DATA LSB 


ee 
ve [ua [io] ue [os 


c 0 ss Hours 
0 D D Minutes 
0 . 5 Days 
0 Months 


ref oL of = = [nr ee |e [ener taps 


NOTES: 
1. Where: ''D'' is the data bit, * = minutes, ** = seconds. 
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APPLICATION INFORMATION 


MASTER DEVICE 
MICROCONTROLLER 


PCD8571 
128 x 8-BIT STATIC CMOS RAM 


PCE2111 
64 LCD 
SEGMENT DRIVER 


—o 
DETECTION CIRCUIT Ron: RESISTOR FOR 


WITH VERY HIGH PERMANENT CHARGING 
IMPEDANCE 


7c BUS 
BD03461S 


Figure 13. Application Example of the PCF8573 Clock/Calendar 


SCL SDA Vpp SCL SDA Vpp 


AQ PCF8573 


MASTER 
MICRO- PCD8571 


CONTROLLER 


TC11461S 


Figure 14. Application Example of the PCF8573 With Common Vss; and Vss2 Supply 
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DESCRIPTION 


The PCF8574 is a single-chip silicon 
gate CMOS circuit. It provides remote 
I/O expansion for the MAB8400 and 
PCF8500 microcomputer families via the 
two-line serial bidirectional bus (IC). It 
can also interface microcomputers with- 
out a serial interface to the I?C bus (as a 
slave function only). The device consists 
of an 8-bit quasi-bidirectional port and an 
I?C interface. 


The PCF8574 has low current consump- 
tion and includes latched outputs with 
high current drive capability for directly 
driving LEDs. It also possesses an inter- 
rupt line (INT) which is connected to the 
interrupt logic of the microcomputer on 
the I?C bus. By sending an interrupt 
signal on this line, the remote I/O can 
inform the microcomputer if there is 
incoming data on its ports without having 
to communicate via the I@C bus. This 
means that the PCF8574 can remain a 
simple slave device. 


ORDERING INFORMATION 


ABSOLUTE MAXIMUM RATINGS 


DC current into any | DC current into any input = 
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FEATURES 

e Operating supply voltage: 2.5V to 
6V 

e Low standby current 
consumption: max. 10uA 

e Bidirectional expander 

e Open-drain interrupt output 

e 8-bit remote I/O port for the I7C 
bus 

e Peripheral for the MAB8400 and 
PCF8500 microcomputer families 

e Latched outputs with high 
current drive capability for 
directly driving LEDs 

e Address by 3 hardware address 
pins for use of up to 8 devices 
(up to 16 possible with mask 
option) 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP (SOT-38) -40°C to +85°C PCF8574PN 


16-Pin Plastic SO package 5 r 
(SO16L; SOT-162A) -40°C to +85°C PCF8574TD 


SYMBOL PARAMETER RATING UNIT 


Storage temperature range -65 to +150 
Operating ambient temperature range -40 to +85 
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PIN CONFIGURATION 
N, D Packages 


OONOOR WD — 


. SYMBOL 


TOP VIEW 
CD07880S 


DESCRIPTION 


Address inputs 


8-bit quasi-bidirectional 
1/O ports 


8-bit quasi-bidirectional 
1/O ports 


Interrupt output 
Serial clock line 
Serial data line 
Positive supply 


853-1037 86701 
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BLOCK DIAGRAM 


INTERRUPT 
LOGIC LP FILTER 


BD04630S 


SHIFT REGISTER “ 


a of 
DATA FROM 5 «© 
FF 


POWER-ON « 
RESET 


READ PULSE O 


TO INTERRUPT 
DATA TO 
SHIFT REGISTER ~ LOGIC 


LDO07520S 


Figure 1. Simplified Schematic Diagram of Each Port 


December 2, 1986 4-34 


Signetics Linear Products Product Specification 


8-Bit Remote |/O Expander PCF8574 


DC ELECTRICAL CHARACTERISTICS Vopp = 2.5 to 6V; Vsg = OV; Ta =-40°C to +85°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | tye | Max 


Supply (Pin 16) 


Soy hai OSOSC*~“*~*~“—*~SC“~S~“~SSSCSCSCSCSSSS 
"veo | Swpywiags—=S=~=“‘“*S*“‘“‘SCOC#C#d’':C#SPNW’“S“*<@S“‘#NSYN NN’ ‘UV 
LA 
yA 


Supply current at Vpp = 6V; no load, inputs at Vpp, Vss 
lop operating 100 
Ippo standby 10 


[Vacs | Poweron east wokage we’ ——SSCSC*~=~“~*~“‘~*~*~*~*~‘“*~*é~rSC“‘~*é‘“rtC(SY ae 
Pvc [ow votase tow SSSCSC~S~S~S~S~ COT ~«*d;C a 
Tin | row vonage GH SSSCS~*~S~S Va | «do vs | 
Mien Output curent LOW atVa=awSSSCSC~—~—S~—~s |i 
CM A 
Se 
is | Terabe spike wath at SL and Soa wow ——SS~dCSC“~*~‘“rtCS*~‘“~*~‘dtC‘ Oe 
C 


1/O ports (Pins 4 to 7; 9 to 12) 
ViL 


id 
; 
sJ 

< 

2) 

0 

< 

se] 

oO 

+ 

ro) 

oO 

< 
; 


Input voltage LOW 


IH Input voltage HIGH 


Maximum allowed input current through protection diode at 
Vi2Vpp or <Vss 


lot Output current LOW at Vo. =1V; Vpp = 2.5V 


| -05v 

= 

5 Lo 
Output current HIGH at Voy = Vss (current source only) | 80 100 | 300 

Lo 

a 

Lo 

a 


I+ 
ea 
=< 


Transient pull-up current HIGH during acknowledge 
(see Figure 14) at Voy =Vss 


Cio Input/output capacitance 


Port timing; C, < 100pF (see Figures 10 and 11) 


PV Output data valid 


Input data setup 


Input data hold 


Interrupt INT (Pin 13) 
lot Output current LOW at Vo, = 0.4V 


ee 


Output current HIGH at Vox = Vpp 
INT timing; C, < 100pF (see Figure 11) 


Input data valid 
Reset delay 


Select inputs AO, A1, A2 (Pins 1 to 3) 


Input voltage HIGH 


NOTE: 


1. The power-on reset circuit resets the I?C bus logic with Vpp < Vrer and sets all ports to logic 1 (input mode with current source to Vpp). 


= = 
a< 
- 
[a= 
a) 


=< 
 « 
: 
~~ 
< 
S) 
0 
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CHARACTERISTICS OF THE I7C 
BUS 

The I?C bus is for 2-way, 2-line communica- 
tion between different ICs or modules. The 
two lines are a serial data line (SDA) and a 


serial clock line (SCL). Both lines must be 
connected to a positive supply via a pull-up 
resistor when connected to the output stages 
of a device. Data transfer may be initiated 
only when the bus is not busy. 


DATA LINE ! CHANGE | 
STABLE: OF DATA 
DATA VALID | ALLOWED | 


Figure 2. Bit Transfer 


Bit Transfer 

One data bit is transferred during each clock 
pulse. The data on the SDA line must remain 
stable during the HIGH period of the clock 
pulse, as changes in the data line at this time 
will be interpreted as control signals. 


WF18500S 


Start and Stop Conditions 
Both data and clock lines remain HIGH when 


the bus is not busy. A HIGH-to-LOW transi- 


tion of the data line while the clock is HIGH is 
defined as the start condition (S). A LOW-to- 
HIGH transition of the data line while the 


clock is HIGH is defined as the stop condition 
(P). 


WF18510S 


Figure 3. Definition of Start and Stop Conditions 


System Configuration 
A device generating a message is a ''trans- 
mitter''; a device receiving a message is the 


TRANSMITTER/ 
RECEIVER 


"receiver''. The device that controls the mes- 
sage is the ''master'' and the devices which 


TRANSMITTER/ 
RECEIVER 


SLAVE 
RECEIVER 


MASTER 
TRANSMITTER 


are controlled by the master are the 
"slaves". 


TRANSMITTER/ 
RECEIVER 
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Figure 4. System Configuration 
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Acknowledge 

The number of data bytes transferred be- 
tween the start and stop conditions from 
transmitter to receiver is not limited. Each 
byte of eight bits is followed by one acknowl- 
edge bit. The acknowledge bit is a HIGH level 
put on the bus by the transmitter whereas the 
master generates an extra acknowledge re- 


START 
CONDITION 


SCL FROM 
MASTER 


DATA OUTPUT 
BY TRANSMITTER 


DATA OUTPUT 
BY RECEIVER 


Timing Specifications 

Within the |2C bus specifications a high- 
speed mode and a low-speed mode are 
defined. The PCF8574 operates in both 
modes and the timing requirements are as 
follows: 


High-Speed Mode 
Masters generate a bus clock with a maxi- 
mum frequency of 100kHz. Detailed timing is 
shown in Figure 6. 


December 2, 1986 


lated clock pulse. A slave receiver which is 
addressed must generate an acknowledge 
after the reception of each byte. Also, a 
master must generate an acknowledge after 
the reception of each byte that has been 
clocked out of the slave transmitter. The 
device that acknowledges has to pull down 
the SDA line during the acknowledge clock 
pulse, so that the SDA line is stable LOW 


Figure 5. Acknowledgement on the I27C Bus 


tuo tsta 


Where: 

taur t > tlowmin 
tuo: tsta = t > tHiGHmin 
tLowmin 4.7us 
tHIGHmin 4us 

t > tlowmin 
t 2 Ous 

t= 250ns 
t<1ys 

t <300ns 

t > tLowmin 


Start condition hold time 
Clock LOW period 
Clock HIGH period 


Data hold time 
Data setup time 


Stop condition setup time 


tsu; tsto 


NOTE: 


during the HIGH period of the acknowledge. 
Related clock pulse, setup and hold times 
must be taken into account. A master receiv- 
er must signal an end of data to the transmit- 
ter by not generating an acknowledge on the 
last byte that has been clocked out of the 
slave. In this event the transmitter must leave 
the data line HIGH to enable the master to 
generate a stop condition. 


CLOCK PULSE FOR 
ACKNOWLEDGEMENT 


tsu:tsto 


WF16930S 


The minimum time the bus must be free before a new transmission can start 


Start condition set-up time; only valid for repeated start code 


Rise time of both the SDA and SCL line 
Fall time of both the SDA and SCL line 


All the values refer to Vi4 and Vi. levels with a voltage swing of Vss to Vpp. 


Figure 6. Timing of the High-Speed Mode 
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VT LAO LT OO 
al hak OO UNI NT 


is ace we ee ee a ee —— ~~ ee” eee eee ee pant 


START ADDRESS RIW ACK START ADDRESS R/W ACK 
CONDITION CONDITION 


Where: 
Clock tLowmin 4.7us 
tHIGHmin 4us 
The dashed line is the acknowledgement of the receiver 
Mark-to-space ratio 1:1 (LOW-to-HIGH) 
Maximum number of bytes Unrestricted 
Premature termination of transfer Allowed by generation of STOP condition 
Acknowledge clock bit Must be provided by the master 


Figure 7. Complete Data Transfer in the High-Speed Mode 


Low-Speed Mode 

Masters generate a bus clock with a maxi- 
mum frequency of 2kHz; a minimum LOW 
period of 105us and a minimum HIGH period 
of 365us. The mark-to-space ratio is 1:3 
LOW-to-HIGH. Detailed timing is shown in tsutoar 
Figure 8. 


Where: 
tauF t2105us (tLowmin) 
typ: tsta t> 365us (tHiGHmin) 
130us+ 25yus 
390us+ 25us 
130us+ 25yus* 
t>Oyus 
t > 250ns 
t<1pys 
t<300ns 
130us+ 25us 


All the values refer to Vij and Vi, levels with a voltage swing of Vss to Vpp. For definitions see high-speed 
mode. 
* Only valid for repeated start code. 


Figure 8. Timing of the Low-Speed Mode 


December 2, 1986 4-38 


Signetics Linear Products Product Specification 


8-Bit Remote I/O Expander PCF8574 


—_—— A —[—— a ee ee, eer ~<—Ye 


START BYTE DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP 
ACKNOWLEDGE START CONDITION 
CONDITION 


WF18570S 


Clock tLowmin 130us+ 25yus 
tHiGHmin 390us + 25us 
Mark-to-space ratio 1 : 3 (LOW-to-HIGH) 
Start byte 0000 0001 
Maximum number of bytes 6 
Premature termination of transfer not allowed 
Acknowledge clock bit must be provided by master 


Figure 9. Complete Data Transfer in the Low-Speed Mode 


FUNCTIONAL DESCRIPTION Input data is transferred from the port to the 

; : microcomputer by the READ mode. Output 
Addressing (See Figures 10 data is transmitted to the port by the WRITE 
and 11) mode. 


Each bit of the PCF8574 I/O port can be 
independently used as an input or an output. 


______SLAVEADDRESS ADDRESS DATA ______—dDATATOPORT PORT DATA _____—CidDATATO PORT PORT 


soafs]o1 00 mm A Ola]. oaAT. ‘AY maT 


f 
— START CONDITION R/W | ACKNOWLEDGE FROM SLAVE 


TO 
PORT 


DATA OUT DATA 2 
FROM PORT = DATA 1VALID VALID 
tpy 


tpy 


ACKNOWLEDGE FROM SLAVE 


WF18590S 


Figure 10. WRITE Mode (Output Port) 


____SLAVEADDRESS ADDRESS DATA FROM PORT DATA FROM PORT 


SDA See As Se a 2S CHR NS LO 


ACKNOWLEDGE {__ ACKNOWLEDGE 
START FROM SLAVE FROM MASTER STOP 
READFROM CONDITION 
PORT 


DATA INTO 
PORT 


NT 


NOTE: 
A LOW-to-HIGH transition of SDA while SCL is HIGH is defined as the stop condition (P). Transfer of data can be stopped at any moment by a stop condition. When this occurs, data 
present at the last acknowledge phase is valid (output mode). Input data is lost. 


Figure 11. READ Mode (input Port) 
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Interrupt (See Figures 12 and 
13) 

The PCF8574 provides an open-drain output 
(INT) which can be fed to a corresponding 
input of the microcomputer. This gives these 
chips a type of master function which can 
initiate an action elsewhere in the system. 


An interrupt is generated by any rising or 
falling edge of the port inputs in the input 
mode. After time t)y the signal INT is valid. 


Resetting and reactivating the interrupt circuit 

is achieved when data on the port is changed 

to the original setting or data is read from or 

written to the port which has generated the 

interrupt. Resetting occurs as follows: 

@ In the READ mode at the acknowledge 
bit after the rising edge of the SCL 
signal. 


@ In the WRITE mode at the acknowledge 
bit after the HIGH-to-LOW transition of 
the SCL signal. 


Each change of the ports after the resettings 
will be detected and after the next rising clock 
edge, will be transmitted as INT. 


Reading from or writing to another device 
does not affect the interrupt circuit. 


Quasi-Bidirectional I/O Ports 
(See Figure 14) 


A quasi-bidirectional port can be used as an 
input or output without the use of a control 


SLAVE ADDRESS 


MICROCOMPUTER 
iNT 


PCF8574 
(8) 
INT 


LDO07530S 


Figure 12. Application of Multiple PCF8574s With Interrupt 


SLAVE ADDRESS 


DATA FROM PORT — 


Tsfors oto mmm tjal 1...  *'di 1) 


START CONDITION 


t —P5 
RIW L ACKNOWLEDGE FROM SLAVE 


stop _! 
CONDITION 


Figure 13. Interrupt Generated by a Change of Input to Port P5 


signal for data direction. The bit designated 
as an input must first be loaded with a logic 1. 
In this mode only a current source to Vpp is 
active. An additional strong pull-up to Vpp 
allows fast rising edges into heavily loaded 


DATA TO PORT 


outputs. These devices turn on when an 
output changes from LOW-to-HIGH, and are 
switched off by the negative edge of SCL. 
SCL should not remain HIGH when a short- 
circuit to Vss is allowed (input mode). 


DATA TO PORT 


see EF 


START CONDITION 


SCL fa\ /2\ /3\ /a\ [5 


P3 
OUTPUT 
VOLTAGE 


P3 
PULL-UP 
OUTPUT 

CURRENT 


LL ACKNOWLEDGE j 
FROM SLAVE P3 


WF 18620S 


Figure 14. Transient Pull-Up Current Iox4; While P3 Changes From LOW-to-HIGH and Back to LOW 
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Signetics PCF8582 
Static CMOS EEPROM 
(256 X 8-bit) 


Preliminary Specification 


Linear Products 


DESCRIPTION FEATURES PIN CONFIGURATION 
The PCF8582 is 2K-bit 5V electrically @ Non-volatile storage of 2K-bit N Package 
erasable programmable read only mem- organized as 256 x 8 

ory (EEPROM) organized as 256 by 8 e@ Only one power supply required aot 3] Voo 


bits. It is designed in a floating-gate (5V) 


ai [2] 7] RC 
GMOS technology. © On-chip voltage multiplier for a2 S] set 
As data bytes are received and transmit- erase/write Vee [7 1 spa 
; 1 12 ‘ fat % 2 ” 
ted via the serial I“C bus, an 8-pin DIP e Serial input/output bus (I*C) 
—— devices may be connected to incrementing | ‘mon 
mie he Aus. e Low power consumption + oR Rdteeantetnetele 
Chip select is accomplished by three One point erase/write timer : ar 
address inputs. e Power-on reset : IC bus lines 
e 10,000 erase/write cycles per 7 Input for timer constant 
8 Positive supply 
byte 
e 10 years non-volatile data 
retention 


e Infinite number of read cycles 
e Pin-and address-compatible to 
PCD8571 and PCD8572 

APPLICATIONS 
e Telephone 
e Radio and television 
e General purpose 

ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
8-Pin Plastic DIP (SOT-97A) 0 to +70°C PCF8582N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 


Vv Input voltage, at Pin 4, , V 
IN (input impedance 5002) 


Operating temperature range 
Current into any input pin 100 


February 1987 4-41 


Signetics Linear Products Preliminary Specification 


Static CMOS EEPROM PCF8582 


BLOCK DIAGRAM 


a] bs CONTROL ¥ STATUS OSCILLATOR ' 
FUNCTION REGISTER 2 10 kHz 


ae’ 


SHIFT 


TZf 


INTERNAL BUS 


BD08151S 


LIMITS 


SYMBOL PARAMETER UNIT 
| win | tye | Max 


Operating supply current, READ 
Foo (fsLc = 100kHz) 1 TBD mA 


Input SCL 


Input/output SDA: 
VIL Input voltage LOW -0.3 1.5 V 
Vin Input voltage HIGH 3 Vpp + 0.8 V 
V Output voltage LOW 


ow | Obit eakage current HIGH (on= Veo) nm latage coment | |= a 
sin moans SSC*dSCSC“<‘istSCSC“‘“‘;RSSS*d 
a 
a 
"a_i suppestion tne constant at SCL and SOAmm® | oa | os | + | ws 
air | Time the bus must be fee betore a new vanamisson can stn [47 [|e 


t t Hold time start condition. After this period the first clock pulse 4 és 
ae aS is generated e 
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Static CMOS EEPROM 


Preliminary Specification 


PCF8582 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vpp = 5V; Vss = OV; Ta =-40°C to + 85°C, unless 


otherwise a" a 


Hold time DATA for: 


tuo, toaT 


tup, tpat I?C devices? 


Erase/write timer constant 


NOTES: 


1. Selection of the chip address is done by connecting the AO, A1, and A2 inputs either to Vss or Vpp. 


SYMBOL PARAMETER 
Setup time for start condition (only relevent for a repeated start 
condition ™ Pet a 


Psu toar | Set one DATA SSSSCSCS~S~*~*~s |S 
a A 
eS 
eiiee es echo mm a 


CBUS compatible masters 


Erase/write timing capacitor for erase/write cycle of 20ms a ee ee eee 


puis 
UNIT 


2. A transmitter must internally provide at least a hold time to bridge the undefined region (maximum 30ns) of the falling edge of SCL. 


FUNCTIONAL DESCRIPTION 


Characteristics of the I2C bus 
The IC bus is intended for communication 
between different ICs. The serial bus consists 
of two bidirectional lines, one for data signals 
(SDA), and one for clock signals (SCL). Both 
the SDA and the SCL lines must be connect- 
ed to a positive supply voltage via a pull-up 
resistor. 


The following protocol has been defined: 


Data transfer may be initiated only when the 
bus is not busy. 


During data transfer, the data line must re- 
main stable whenever the clock line is HIGH. 
Changes in the data line while the clock line is 
HIGH will be interpreted as control signals. 


Accordingly, the following bus conditions 
have been defined: 


Bus Not Busy — both data and clock lines 
remain HIGH. 


Start Data Transfer — a change in the state 
of the data line, from HIGH to LOW, while the 
clock is HIGH defines the start condition. 


Stop Data Transfer — a change in the state 
of the data line, from LOW to HIGH, defines 
the stop condition. 


February 1987 


Data Valid — the state of the data line 
represents valid data when, after a start 
condition, the data line is stable for the 
duration of the HIGH period of the clock 
signal. The data on the line may be changed 
during the LOW period of the clock signal. 
There is one clock pulse per bit of data. 


Each data transfer is initiated with a start 
condition and terminated with a stop condi- 
tion; the number of the data bytes transferred 
between the start and stop conditions is 
limited to two bytes in the ERASE/WRITE 
mode and unlimited in the READ mode. The 
information is transmitted in bytes and each 
receiver acknowledges with a ninth bit. 


Within the I2C bus specifications a low-speed 
mode (2kHz clock rate) and a high-speed 
mode (100kHz clock rate) are defined. The 
PCF8582 works in both modes. By definition 
a device that gives out a signal is called a 
"transmitter,'’ and the device which receives 
the signal is called a ''receiver''. The device 
which controls the signal is called the ''mas- 
ter''. The devices that are controlled by the 
master are called ''slaves"’. 


Each word of eight bits is followed by one 
acknowledge bit. This acknowledge bit is a 
HIGH level put on the bus by the transmitter 
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whereas the master generates an extra ack- 
nowledge-related clock pulse. A slave receiv- 
er which it addresses is obliged to generate 
an acknowledge after the reception of each 


byte. 


Also, a master receiver must generate an 
acknowledge after the reception of each byte 
that has been clocked out of the slave 
transmitter. 


The device that acknowledges has to pull 
down the SDA line during the acknowledge 
clock pulse in such a way that the SDA line is 
stable LOW during the high period of the 
acknowledge related clock pulse. 


Setup and hold times must be taken into 
account. A master receiver must signal an 
end-of-data to the slave transmitter by not 
generating an acknowledge on the last byte 
that has been clocked out of the slave. In this 
case the transmitter must leave the data line 
HIGH to enable the master generation of the 
stop condition. 


I7C Bus Protocol 
The |?C bus configuration for different READ 
and WRITE cycles of the PCF8582 are shown 
in Figures 1a and 1b. 
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Static CMOS EEPROM PCF8582 


ACKNOWLEDGE ACKNOWLEDGE NO ACKNOWLEDGE 
FROM SLAVE FROM MASTER FROM MASTER 


| 
rs. smvenooress Tifa] om’ Jap dt 


AUTO INCREMENT AUTO INCREMENT 
WORD ADDRESS WORD ADDRESS 


AF04612S, 


NOTES: 

1. After this stop condition the erase/write cycle starts and the bus is free for another transmission; the duration of the erase/write cycle is approximately 20ms if only one 
byte is written, and 40ms if two bytes are written. During the erase/written cycle the slave receiver does not send an acknowledge bit if addressed via I7C bus. 

2. The second data byte is voluntary. Trying to erase/write more than two bytes is not allowed. 


a. Master Transmitter Transmits to PCF8582 Slave Receiver (ERASE/WRITE Mode) 


ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE ACKNOWLEDGE 
FROM SLAVE FROM SLAVE FROM SLAVE FROM MASTER 


Ps [1 savenponess’ Toa] x! woroaoomesd [as] | Saeaponess sJa] 1. om. [abs> 


AT THIS MOMENT MASTER 
TRANSMITTER BECOMES 
MASTER RECEIVER AND 
PCF8582 SLAVE RECEIVER AVORD ADDRESS 
BECOMES SLAVE TRANSMITTER 


NO ACKNOWLEDGE 
FROM MASTER 


>a I CS El 
aa 


AUTO INCREMENT 
WORD ADDRESS 


b. Master Reads PCF8582 Slave After Setting Word Address (WRITE Word Address; READ Data) 


Figure 1 


I7C Bus Timing 
Figure 2 shows the I°C bus timing. 


tup,t 
aad tsustpoat 


tsutsto 


tsutsta 


WF16930S 


Figure 2. Timing Requirements for the IC Bus 
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DESCRIPTION 

The SAB3013 is a MOS N-channel inte- 
grated circuit which provides 6 analog 
memories controlled by a microcompu- 
ter. 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 


SAB3013 
Hex 6-Bit DAC 


Product Specification 


FEATURES 


e Replacement for 6 uP-controlled 
potentiometers 


e 6-function analog memory; D/A 
converter with 6-bit resolution 


e The output of the analog values 
is pulse-width modulated with 
adjustable repetition rate (max. 
21.8kHz) 


e Microcomputer-adapted 
asynchronous serial interface for 
data input (CBUS) 


e Parallel operation of up to four 
SAB3013 circuits is possible 


@ Serial CBUS-controlled 


APPLICATIONS 

e Television receivers 

e Radio receivers 

e Computer-controlled TV/radio 
e Industrial 

e Instrumentation 


SYMBOL 


16-Pin Plastic DIP (SOT-38) 0 to 70°C SAB3013N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER 


Input voltage range 
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Supply voltage range 


[Po | Power dsspaton por oust =| —*d Cm 
[Prox | Total power datipaton per package ‘| 250 ~*~ mw 


RATING UNIT 
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PIN CONFIGURATION 


N Package 


Voo 


CD11930S 

DESCRIPTION 
Ground (OV) 
Oscillator output 
Oscillator input 
(Schmitt-trigger) 
Asynchronous clock 
pulse 
Data input 
Data line enable input 


CBUS 


Address inputs 


Positive supply 
Buffered oscillator 
output 


Analog outputs 


853-0959 86556 
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Hex 6-Bit DAC SAB3013 


BLOCK DIAGRAM 


DATA LATCH COMPARATOR 
1 1 1 : 
DATA LATCH COMPARATOR OUTPUT 
2 2 2 
DATA BUFFER 
DATA LATCH COMPARATOR “ OUTPUT 
3 
OUTPUT 
4 4 
COMPARATOR im OUTPUT : 


5 5 
- OSCILLATOR CL/CLN 
COMPARATOR OUTPUT 
6 2 oo 
RESET 
POWER-ON REFERENCE i... | 
RESET RESET! = COUNTER 


< 
= 
< 
i=) 
Qa 
< 
° 
— 
z 
o 
- 
oO 
WwW 
| 
Ww 
” 


REFERENCE FOR 
COMPARATORS 


BDO7890S 
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Hex 6-Bit DAC SAB3013 


DC AND AC ELECTRICAL CHARACTERISTICS Vss=0; Ta = 0°C to +70°C; Vpp = 4.5 to 5.5V, unless otherwise 


specified. 
SYMBOL PARAMETER 


Inputs DATA, CLB, DLEN, SAA, SAB 
PV | trputvotage tow dTSSSC*~“~*~“—~*~*~*~*~‘—“—*~*~*SsS PSCC 
Vn | input vote HGH | SSSSCSC~S~S 8 
Tin | Mout eatage curent ——SSC*«S=C(‘“‘éOw Wf |Site 
Outputs ANAL1 to ANAL6 (open-drain) 


Oe 
PG | toad capacitance | SSSCSCS™C™~SSSSSSTSC*dS 00 | 
Input CLK 
Pvc [inpwtvotagetow]SSC™~“—~*~S*S*SCSSCSCS OPCs 
[Vn | irputvotage HGH | SC™~—sSCS | 
in| Input eakage crete] tl 
ws | Pulse duaton wih | SSCS~sS—CiSYSSCdYSid 
ptm | Pus duaton tow | SSS™~—S Yd 
[vo | Ouputvotege tow TSC A SSSCSC*dSSC“‘CO#* OWS 
Vou | Ouputvotage HIGH | to 100A SSC«Y |TV 
Inputs DATA, CLB 
tw | Pulse dation HIGH ———SsSSSCsee Figo? Si? sO S|SSCdTSSSC*dSC 
tw. | Pulse duaton tow | Sse get Si; as; Yd 
tos | rputoweny us] SSSCSCS™S~S Sk YSSC*dSC CO 
Internal oscillator CLK/OSC 
CR | Wome esir SSCS SSC*d;SC 
Pc _ | extemal capac | SSCSCS~SS | SC*d;sC0 | 
tex | Giook tequency «|S ara OTF «|? | 10 | 14 | Whe 


Frequency for 


Timing (see Figure 1) 


Data setup time 
DATA > CLB fm ff fi 
Data hold time 
'HDDA DATA > cCLB 
‘ Enable setup time Measured with a voltage swing of 
SUEN DLEN —> cLB minimum Viy—- Vit 
Disable setup time 
CLB —> DLEN fm 
' Setup time 4000 
aute DLEN — CLB (load pulse) 
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LIMITS 


TEST CONDITIONS 
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Hex 6-Bit DAC SAB3013 


90% 
10% 


10% 
a n- 
ieee mires 
—_ 
tsupa 
ae 


ENABLE DATA DATA DISABLE LOAD 


tsuen 


Figure 1. CBUS Timing 


LOAD PULSE 


“InanAnnnnnnnAnnAlpA_ 


| foes [vs 


SYSTEM MEMORY ANALOG VALUE 
ADDRESS ADDRESS 


WF18700S 


Figure 2. Waveforms Showing a CBUS Transmission 
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Hex 6-Bit DAC 


FUNCTIONAL DESCRIPTION 

The SAB3013 is designed to deliver analog 
values in microcomputer-controlled television 
receivers and radio receivers. The circuit com- 
prises an analog memory and D/A converter 
for six analog functions with a 6-bit resolution 
for each. The information for the analog mem- 
ory is transferred by the microcomputer via an 
asynchronous serial data bus. 


The SAB3013 accomplishes a word format 
recognition, so it is able to operate one 
common data bus together with circuits hav- 
ing different word formats. 


The data word of the microcomputer used for 
the SAB3013 consists of information for ad- 
dressing the appropriate SAB3013 circuit (2 
bits), for addressing the analog memories 
concerned (3 bits) and processing of the 
wanted analog value (6 bits). The address of 
the circuit is externally programmable via two 
inputs. It is possible to address up to four 
SAB3013 circuits via one common bus. 


The built-in oscillator can be used for a fre- 
quency between 30kHz and 1.4MHz. The ana- 
log values are generated as a pulse pattern 
with a repetition rate of fo_K/64 (maximum 
21.8kHz at fo_x = 1.4MHz), and the analog 
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values are determined by the ratio of the 
HIGH-time and the cycle time. A DC voltage 
proportional to the analog value is obtained by 
means of an external integration network (low- 
pass filter). 


HANDLING 
Inputs and outputs are protected against 
electrostatic charge in normal handling. How- 
ever, to be totally safe, it is desirable to take 
normal precautions appropriate to handling 
MOS devices. 


OPERATION DESCRIPTION 
The data input is achieved serially via the 
inputs DATA, DLEN and CLB. Clock pulses 
have to be applied at input CLB for data 
processing at input DATA. Data processing is 
only possible when DLEN = HIGH. The data 
from the data buffer is loaded directly into the 
output latch on receipt of a load pulse at input 
CLB (DLEN = LOW), provided the following 
conditions are met: 
@ 12 clock pulses must be received at 
input CLB (word format control) during 
transmission (DLEN = HIGH) 
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Product Specification 


SAB3013 


@ The start-bit must be LOW 


® The system address bits must be 
A=SAA and B= SAB 


@ The analog address must be valid 


The data word for the SAB3013 consists of 
the following bits (see Figure 2): 


1 start-bit 
2 system address bits (A and B) 


3 address bits for selection of the required 
analog memory 


6 data bits for processing the analog value 


ADDRESS INPUTS (SAA, SAB) 
The address of the SAB3013 is programmed 
at the inputs SAA and SAB. These inputs 
must be defined and not left open-circuit. 


Reset 

The circuit internally generates a reset cycle 
with a duration of one clock cycle after switch- 
ing on the supply. If a spike on the supply is 
likely to destroy data, a reset signal will be 
generated. All analog memories are set to 
50% (analog value 32/64) after the reset 
cycle. The supply voltage rise dVpp/dt must be 
maximum 0.5V/yus and minimum 0.2V/ws. 
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DESCRIPTION 


The SAB3035 provides closed-loop digi- 
tal tuning of TV receivers, with or without 
AFC, as required. It also controls up to 8 
analog functions, 4 general purpose I/O 
ports, and 4 high-current outputs for 
tuner band selection. 


The IC is used in conjunction with a 
microcomputer from the MAB8400 fami- 
ly and is controlled via a two-wire, bi- 
directional |?C bus. 


FEATURES 


@ Combined analog and digital 
circuitry minimizes the number of 
additional interfacing components 
required 

e Frequency measurement with 
resolution of 50kHz 


e Selectable prescaler divisor of 64 
or 256 


@ 32V tuning voltage amplifier 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 


28-Pin Plastic DIP (SOT-117) 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage ranges: 
(Pin 16) 
(Pin 22) 
(Pin 17) 


Voc 
Voce 
Vocs3 


Input/output voltage ranges: 


(Pin 5) 

(Pin 6) 

(Pins 7 to 10) 
(Pins 11 and 12) 


VspA 
VscL 
Vocex 


VAFC+, AFC- 
Vr (Pin 13) 


(Pin 15) 
(Pins 18 to 21) 
(Pin 23) 
(Pin 24) 


VTUN 
Voc1x 
VeDIV 
Vosc 
VDACX 


(Pins 1 to 4 and 25 to 28) 


SAB3035 


FLL Tuning and Control Circuit 


Product Specification 


e 4 high-current outputs for direct 
band selection 

e 8 static digital-to-analog 
converters (DACs) for control of 
analog functions 


e Four general purpose input/ 
output (I/O) ports 


e Tuning with control of speed and 
direction 


e Tuning with or without AFC 

e Single-pin, 4MHz on-chip 
oscillator 

e IC bus slave transceiver 


APPLICATIONS 

e Satellite receivers 

e Television receivers 
e CATV converters 


-20°C to +70°C SAB3035N 


-0.3 to +18 
-0.3 to +18 
-0.3 to +18 

-0.3 to Voc A 
-0.3 to Voc; 7 
-0.3 to Voc3 ! 

-0.3 to Voce? 

-0.3 to Voc; ' 
-0.3 to +5 

-0.3 to Vcc; ! 


<<< 5 << [<< 


Total power dissipation 1000 
Storage temperature range -65 to +150 
Ta Operating ambient temperature range -20 to +70 


NOTES: 


1. Pin voltage may exceed supply voltage if current is limited to 10mA. 
2. Pin voltage must not exceed 18V but may exceed Vcco if current is limited to 200mA. 
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PIN CONFIGURATION 


N Package 


TOP VIEW 
CD11950S 


SYMBOL DESCRIPTION 


DAC4 
DAC5 
DAC6 
DAC7 
SDA Serial data line 
SCL Serial clock line 


P20 
P21 
P22 


P23 

al } AFC inputs 

Tl Tuning voltage amplifier inverting 
input 

GND Ground 

TUN Tuning voltage amplifier output 

Voc1 +12V supply voltage 

Voc3 +32V supply for tuning voltage 
amplifier 


Outputs of static DACs 


} °C bus 


General purpose 
input/output ports 


OOANOaARWND — 


P10 

P14 High-current band-selection 

P12 output ports 

P13 

Voc2 Positive supply for high-current 
band-selection output circuits 

FDIV Input from prescaler 

OSC Crystal oscillator input 

DACO 

DAC1 

DAC2 

DAC3 


Outputs of static DACs 


853-1031 86698 
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BLOCK DIAGRAM 


PRESCALER 


POWER-DOWN REFERENCE 
DETECTOR OSCILLATOR 


CONTROL 
CIRCUIT 


5 
SDA OC 
| 


SCL O 


Pr uawn 
MWN 


15-BIT 
REFERENCE | FDIVM | 
COUNTER [rowm) FREQUENCY BUFFER 
[tus] 


15-BIT 
FREQUENCY COUNTER 


Frov_}Uriock} Fru 


fhe EOYs g FLOCK 5 FU 
TUNING CONTROL CIRCUIT 


CONTROL CIRCUIT 


DIVISOR 
SELECTOR 


12-BIT CHARGE 
TUNING COUNTER PUMP TUNING 
VOLTAGE 
AMPLIFIER 


FC+O— 
AFC+O 
AFC 


AMPLIFIER 
AFC- © 


CORRECTION- 
IN-BAND 
CIRCUIT 


December 2, 1986 4-51 


Signetics Linear Products Product Specification 


FLL Tuning and Control Circuit SAB3035 


DC AND AC ELECTRICAL CHARACTERISTICS Ty, = 25°C; Voc1, Voce, Voc3 at typical voltages, unless otherwise 


specified. 
pms 
SYMBOL PARAMETER UNIT 
| min | tye | Max 
Voci Supply voltages 10.5 12 13.5 V 
4.7 13 16 V 
V 


Supply currents (no outputs loaded) 


loca 

loc2a Additional supply currents (A) si ks mA 
— See Note 1 =o 
Prot | Total power dissipation === s—i—i‘i—sSCidY power | Total power dissipation === s—i—i‘i—sSCidY 


a = aaa Se 0 SAN BE Se 
I2C bus inputs/outputs SDA input (Pin 5) SCL input (Pin 6) 
vn | owvotage HE SSS™~sSSCSdSSSC*d me 
vn | put votagetowSSC~“~*~*~“‘—*~*~S*~*~*~*~é~iCSsPSSCd ts 
Pin | put wrertwgH®SSC~—SSSSC“‘“RSSC*#‘d CWO Co 
Pu | tout curontoweSSCSC~SCSSSFTSSSCSC~*dSSCSC~‘irCSSOSY 
[| SOA ouput Pin 5 openaoteson ———SSSC~=~“‘“*é‘“CSC“‘“‘“sRSSC*‘“dRSNSC#N#ONSOC‘“‘C#”S 
vor | Ouputvotage LOW atin=ama—SSSCS~=~“—*~“‘*~—*~*~*~‘“SC“‘(DSSSC*dY sw | OV 
ioe | Mexinum ouput snk ewrort ——SSSSC~“—*~“s*~CS*~*é~*sSC“~*~‘~rSSSdSSSC*dSC 
Open-collector I/O ports P20, P21, P22, P23 (Pins 7 to 10, open-collector) 
[vn | WputvotsenGH —C=“‘“‘Cé‘iC®*~*#C*SCOC“( WYO COC 
vn | tut votagstowSSS~“—~—~*~*—CS*SSsSsS Sw PSSC*dtSCw 
Sr 
a 
vo. | Ouiput votage LOW atin=anaSSS~SSSC‘dtSC* 
ion | Maximum ouput sik ourent—SSCSC~SSS 


AFC amplifier Inputs AFC+, AFC- (Pins 11, 12) 


Transconductance for input voltages up to 1V differential: 


AFCS1 AFCS2 

goo 0 0 100 
g01 0 1 15 
g10 1 0 : 
git 1 1 


Ea bee 

when correction-in-band is used 

[Wore | input ofsctwotae SS SSC~“*‘*dCSC* 

[Voom | Commonmede input witageSSCSC~“~*~*~dCSC*SCS 

emma | Gommonmode weston ao 
i et 
ae 


| PSRR | Power supply (Vcc1) rejection ratio 
iy Input current 
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FLL Tuning and Control Circuit SAB3035 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C; Vcci, Voce, Voc3 at typical voltage, unless 


otherwise ae aE 


P uMiTs 
_ a pwn [we | mex | 


Tuning voltage amplifier Input T!l, output TUN (Pins 13, 15) 


a rT a 
iru | Maximum ouput snk curent ———=—SSSCS~*~stSC“‘*é‘“dCSST*dC mk 
Pin [ot bis coment SSSCSC~“~“~*~“‘“‘~*~*~stSC SSS 
psn | Power spy Vacs aecton aio —=~=“‘S*C*~srSCS*~‘“(g w®CYSC*dSC 
TM i ptm 


Tolerance of charge (or AVryn) multiplying factor when COIB 
and/or TUS are used 


Maximum current | Maximum current | into tuning amplifier == into tuning | Maximum current | into tuning amplifier == 


Correction-in-band 


| Correctionincband 
Tavoe | Tolerance of corecionin-band levels 12V, 18V, nde] is ~| Sd YS 
Band-select output ports P10, P11, P12, P13 (Pins 18 to 21) 
vou | Output votage HIGH at -lon=soma@ Ss owe] | 
Vor | Output votage LOW ati =ama_———SSCSC~=“~*~“~*~*—s—‘—sSC‘“‘“(RSSSC*‘“dC 
Ton | Maximum out source euren® 0 |e 
Tio, | Maximum ouput srk ourent ——SSC~sSC“‘CSCdL'S~C<i[~~OUT A 
TVveow em | lput volage (poakio-peak vale) tase and tau <aoe [at | «| 2 | Vv 
Tf owaceCC“‘“‘(CSNCCNSO CO CUO OC CO 
iwax | Maximum input trequency SSCSC~=“~wSCSTSddY 
rz | Wputimpederss SS SSCSC~<“~*‘~*~*~sé—é~sSC“‘CSXdXC OCT OO 
a 
|OSC input (Pin 24) 


OSC input (Pin 24) 
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FLL Tuning and Control Circuit SAB3035 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta = 25°C; Vcc1, Voce, Vocs at typical voltage, unless 


otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | tye | Max 


DAC outputs 0 to 7 (Pins 25 to 28 and 1 to 4) 


DAG outputs ot 7 Pra Sadiw) —SOSOS—~—“—~S—“—SCSC“CS 
Vou | Maxmum ouput votage (ro bad at Voor ——SC*dTS=CwSSSSC*idSC ST 
"Vor | Minimum ouput vatage (ro oad at Voor=1ave——SS*d =o fd] St 
ave | Ptive value of smalest stop (last sgitarto) ——=«~S | SSC*d;Cs 
(| Devaton tom meaty SSSCSSC*‘“RSSC“‘OOwBD 
Z| Ow impedance at hono==amA——SCSC~C~“‘*~“‘*tCS*SC“‘RN#C#*dCCO SDS 
rm 
ion | Maximum ouput sink cures ———SSCSC~=“~*‘“*~“‘sRS*‘“‘(;SCSC*‘“dSCSC‘C~* 


Power-down reset 


. . . 


Voc1 rise time during power-up (up to Vpp) 
Voltage level for valid module address 


Voltage level at P20 (Pin 7) for valid module address as a 
function of MA1, MAO 
MA1 MAO 
0 0 


0 1 
1 0 
1 1 


NOTES: 

1. For each band-select output which is programmed at logic 1, sourcing a current Ioypix, the additional supply currents (A) shown must be added to 
loc2 and Icoc3, respectively. 

2. If Voco1 < 1V, the input current is limited to 10uA at input voltages up to 16V. 

3. At continuous operation the output current should not exceed 50mA. When the output is short-circuited to ground for several seconds, the device may 
be damaged. 

4. Values are proportional to Voc}. 
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FUNCTIONAL DESCRIPTION 

The SAB3035 is a monolithic computer inter- 
face which provides tuning and control func- 
tions and operates in conjunction with a 
microcomputer via an |?C bus. 


Tuning 

This is performed using frequency-locked 
loop digital control. Data corresponding to the 
required tuner frequency is stored in a 15-bit 
frequency buffer. The actual tuner frequency, 
divided by a factor of 256 (or by 64) by a 
prescaler, is applied via a gate to a 15-bit 
frequency counter. This input (FDIV) is mea- 
sured over a period controlled by a time 
reference counter and is compared with the 
contents of the frequency buffer. The result of 
the comparison is used to control the tuning 
voltage so that the tuner frequency equals 
the contents of the frequency buffer multi- 
plied by 50kHz within a programmable tuning 
window (TUW). 


The system cycles over a period of 6.4ms (or 
2.56ms), controlled by the time reference 
counter which is clocked by an on-chip 4MHz 
reference oscillator. Regulation of the tuning 
voltage is performed by a charge pump fre- 
quency-locked loop system. The charge IT 
flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC, 
and the charge pump circuit. The charge IT is 
linear with the frequency deviation Af in steps 
of 50kHz. For loop gain control, the relation- 
ship AIT/Af is programmable. In the normal 
mode (when control bits TUHNO and TUHN1 
are both at logic 1, see OPERATION), the 
minimum charge IT at Af=50kHz equals 


250uA/us (typical). 


By programming the tuning sensitivity bits 
(TUS), the charge IT can be doubled up to 6 
times. If correction-in-band (COIB) is pro- 
grammed, the charge can be further doubled 
up to three times in relation to the tuning 
voltage level. From this, the maximum charge 


MODULE ADDRESS 


IT at Af=50kHz equals 2° x 2° x 250uA/us 
(typical). 


The maximum tuning current | is 875yuA 
(typical). In the tuning-hold (TUHN) mode 
(TUHN is Active-LOW), the tuning current | is 
reduced and, as a consequence, the charge 
into the tuning amplifier is also reduced. 


An in-lock situation can be detected by read- 
ing FLOCK. When the tuner oscillator fre- 
quency is within the programmable tuning 
window (TUW), FLOCK is set to logic 1. If the 
frequency is also within the programmable 
AFC hold range (AFCR), which always occurs 
if AFCR is wider than TUW, control bit AFCT 
can be set to logic 1. When set, digital tuning 
will be switched off, AFC will be switched on 
and FLOCK will stay at logic 1 as long as the 
oscillator frequency is within AFCR. If the 
frequency of the tuning oscillator does not 
remain within AFCR, AFCT is cleared auto- 
matically and the system reverts to digital 
tuning. To be able to detect this situation, the 
occurrence of positive and negative transi- 
tions in the FLOCK signal can be read (FL/ 
1N and FL/ON). AFCT can also be cleared by 
programming the AFCT bit to logic 0. 


The AFC has programmable polarity and 
transconductance; the latter can be doubled 
up to 3 times, depending on the tuning 
voltage level if correction-in-band is used. 


The direction of tuning is programmable by 
using control bits TDIRD (tuning direction 
down) and TDIRU (tuning direction up). If a 
tuner enters a region in which oscillation 
stops, then, providing the prescaler remains 
stable, no FDIV signal is supplied to CITAC. In 
this situation the system will tune up, moving 
away from frequency lock-in. This situation is 
avoided by setting TDIRD which causes the 
system to tune down. In normal operation 
TDIRD must be cleared. 


If a tuner stops oscillating and the prescaler 
becomes unstable by going into self-oscilla- 
tion at a very high frequency, the system will 


INSTRUCTION BYTE 


Figure 1. 1?C Bus Write Format 


SAB3035 


react by tuning down, moving away from 
frequency lock-in. To overcome this, the sys- 
tem can be forced to tune up at the lowest 
sensitivity (TUS) value, by setting TDIRU. 


Setting both TDIRD and TDIRU causes the 
digital tuning to be interrupted and AFC to be 
switched on. 


The minimum tuning voltage which can be 
generated during digital tuning is programma- 
ble by VTMI to prevent the tuner from being 
driven into an unspecified low tuning voltage 
region. 


Control 

For tuner band selection there are four out- 
puts — P10 to P13—which are capable of 
sourcing up to 50mA at a voltage drop of less 
than 600mV with respect to the separate 
power supply input Voce 


For additional digital control, four open-col- 
lector |/O ports — P20 to P23 — are provid- 
ed. Ports P22 and P23 are capable of detect- 
ing positive and negative transitions in their 
input signals. With the aid of port P20, up to 
three independent module addresses can be 
programmed. 


Eight 6-bit digital-to-analog converters — 
DACO to DAC7 —are provided for analog 
control. 


Reset 

CITAC goes into the power-down reset mode 
when Vcc; is below 8.5V (typical). In this 
mode all registers are set to a defined state. 
Reset can also be programmed. 


OPERATION 
Write 


CITAC is controlled via a bidirectional two- 
wire |?C bus. For programming, a module 
address, R/W bit (logic 0), an instruction byte, 
and a data/control byte, are written into 
CITAC in the format shown in Figure 1. 


DATA/CONTROL BYTE 


December 2, 1986 


4-55 


Signetics Linear Products 


Product Specification 


FLL Tuning and Control 


The module address bits MA1, MAO are used 
to give a 2-bit module address as a function 
of the voltage at port P20 as shown in 
Table 1. 


Acknowledge (A) is generated by CITAC only 
when a valid address is received and the 
device is not in the power-down reset mode 
(Voc > 8.5V (typical)). 


Tuning 
Tuning is controlled by the instruction and 
data/control bytes as shown in Figure 2. 


Frequency 

Frequency is set when Bit l7 of the instruction 
byte is set to logic 1; the remainder of this 
byte together with the data/control byte are 
loaded into the frequency buffer. The fre- 
quency to which the tuner oscillator is regulat- 
ed equals the decimal representation of the 
15-bit word multiplied by 50kHz. All frequency 
bits are set to logic 1 at reset. 


Tuning Hold 

The TUHN bits are used to decrease the 
maximum tuning current and, as a conse- 
quence, the minimum charge IT (at 
Af = 50kHz) into the tuning amplifier. 


Circuit 


Table 1. Valid Module Addresses 


TUHNO 


TUHN1 


3.5! 41 


NOTE: 
1. Values after reset. 


During tuning but before lock-in, the highest 
current value should be selected. After lock-in 
the current may be reduced to decrease the 
tuning voltage ripple. 


The lowest current value should not be used 
for tuning due to the input bias current of the 


INSTRUCTION BYTE 


December 2, 1986 


D. Ds 
F7 F6 F5 


AFCT VTMIO 


VTMI1 COIB1 


0 0 0 


Figure 2. Tuning Control Format 
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TYP. Imax | TYP. [Twin 
(uA) (uA/yus) 


AFCR1 


COIBO 


SAB3035 


Don't care 
GND 
Ye Veci 
Voc 


TYP. AVtuNmin at Cint = 1uF 
(uV) 
41 


tuning voltage amplifier (maximum 5nA). 
However, it is good practice to program the 
lowest current value during tuner band 
switching. 


DATA/CONTROL BYTE 


D, D; D2 D, 
F4 F3 F2 FA 


AFCRO TUHN1 TUHNO TUW1 


AFCS1 AFCSO TUS2 TUS! 


0 AFCP FDIVM TDIRD 
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Table 3. Minimum Charge IT as a Function of TUS Af = 50kHz; 
TUHNO = Logic 1; TUHN1 = Logic 1 


TYP. iTwin TYP. AVruNmin at Cint = 1uF 
TUS2 TUS1 TUSO 


fy) 0.25! 0.25! 
1 

0 

1 

0 

1 

0 


Table 4. Programming Correction-In-Band 


NOTE: 
1. Values after reset. 


NOTE: 
1. Values after reset. 


Table 5. Tuning Window Programming 
TUNING WINDOW (kHz) 


0! 
100 
300 


NOTE: 
1. Values after reset. 


Table 6. AFC Hold Range Programming 


NOTE: 
1. Values after reset. 


Table 7. Transconductance Programming 


NOTE: 
1. Value after reset. 
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Tuning Sensitivity 

To be able to program an optimum loop gain, 
the charge IT can be programmed by chang- 
ing T using tuning sensitivity (TUS). Table 3 
shows the minimum charge IT obtained by 
programming the TUS bits at Af=50kHz; 
TUHNO and TUHN1 = logic 1. 


Correction-in-Band 

This control is used to correct the loop gain of 
the tuning system to reduce in-band varia- 
tions due to a non-linear voltage/frequency 
characteristic of the tuner. Correction-in-band 
(COIB) controls the time T of the charge 
equation IT and takes into account the tuning 
voltage Vrun to give charge multiplying fac- 
tors as shown in Table 4. 


The transconductance multiplying factor of 
the AFC amplifier is similar when COIB is 
used, except for the lowest transconductance 
which is not affected. 


Tuning Window 

Digital tuning is interrupted and FLOCK is set 
to logic 1 (in-lock) when the absolute devia- 
tion |Afl between the tuner oscillator frequen- 
cy and the programmed frequency is smaller 
than the programmed TUW value (see Table 
5). If IAfl is up to 50kHz above the values 
listed in Table 5, it is possible for the system 
to be locked depending on the phase rela- 
tionship between FDIV and the reference 
counter. 


AFC 

When AFCT is set to logic 1 it will not be 
cleared and the AFC will remain on as long as 
|Aflis less than the value programmed for the 
AFC hold range AFCR (see Table 6). It is 
possible for the AFC to remain on for values 
of up to 50kHz more than the programmed 
value depending on the phase relationship 
between FDIV and the reference counter. 


Transconductance 

The transconductance (g) of the AFC amplifier 
is programmed via the AFC sensitivity bits 
AFCS as shown in Table 7. 
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INSTRUCTION BYTE 


MODULE ADDRESS 


Figure 3. Control Programming 


TUNING/RESET INFORMATION 


B, Be Bs B, Bz; Bz B, By 


SAB3035 


DATA/CONTROL BYTE 


PORT INFORMATION 


AFC Polarity 

lf a positive differential input voltage is ap- 
plied to the (switched on) AFC amplifier, the 
tuning voltage Vryn falls when the AFC 
polarity bit AFCP is at logic 0 (value after 
reset). At AFCP = logic 1, Vtyn rises. 


Minimum Tuning Voltage 

Both minimum tuning voltage control bits, 
VTMI1 and VTMIO, are at logic 0 after reset. 
Further details are given in the DC Electrical 
Characteristics table. 


Frequency Measuring Window 

The frequency measuring window which is 
programmed must correspond with the divi- 
sion factor of the prescaler in use (see 
Table 8). 


Tuning Direction 
Both tuning direction bits, TDIRU (up) and 
TDIRD (down), are at logic 0 after reset. 


Control 
The instruction bytes POD (port output data) 
and DACX (digital-to-analog converter con- 
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MWN 

RESN 

FOV 

FL/ON 

FL/1N 
FLOCK 
FROM CITAC 


Figure 4. Information Byte Format 


FROM MASTER 
P20 
Pi21 


P23/0N 
P23/1N 


FROM MASTER 
AF04710S 


Table 8. Frequency Measuring Window Programming 


NOTE: 
1. Values after reset. 


trol) are shown in Figure 3, together with the 
corresponding data/control bytes. Control is 
implemented as follows: 


P13, P12, P11, P10 — Band select outputs. If 
a logic 1 is programmed on any of the POD 
bits D3 to Do, the relevant output goes HIGH. 
All outputs are LOW after reset. 


P23, P22, P21, P20 — Open-collector |/O 
ports. If a logic 0 is programmed on any of the 
POD bits D7 to D4, the relevant output is 
forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 


DACX — Digital-to-analog converters. The 
digital-to-analog converter selected corre- 
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PRESCALER DIVISION CYCLE PERIOD MEASURING WINDOW 
FACTOR (ms) (ms) 
256 6.4! 5.12! 
: 64 2.56 1.28 


sponds to the decimal equivalent of the 
DACX bits X2, X1, XO. The output voltage of 
the selected DAC is set by programming the 
bits AX5 to AXO; the lowest output voltage is 
programmed with all data AX5 to AX0 at logic 
0, or after reset has been activated. 


Read 

Information is read from CITAC when the R/ 
W bit is set to logic 1. An acknowledge must 
be generated by the master after each data 
byte to allow transmission to continue. If no 
acknowledge is generated by the master, the 
slave (CITAC) stops transmitting. The format 
of the information bytes is shown in Figure 4. 
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Tuning/Reset Information Bits 


FLOCK — Set to logic 1 when the tuning 
oscillator frequency is within the programmed 
tuning window. 


FL/1N — Set to logic 0 (Active-LOW) when 
FLOCK changes from 0 to 1 and is reset to 
logic 1 automatically after tuning information 
has been read. 


FL/ON — As for FL/1N, but is set to logic 0 
when FLOCK changes from 1 to 0. 


FOV — Indicates frequency overflow. When 
the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is 
at logic 1, and when too low, FOV is at logic 
0. FOV is not valid when TDIRU and/or 
TDIRD are set to logic 1. 


RESN — Set to logic 0 (Active-LOW) by a 
programmed reset or a power-down reset. It 
is reset to logic 1 automatically after tuning/ 
reset information has been read. 


MWN — MWN (frequency measuring window, 
Active-LOW) is at logic 1 for a period of 
1.28ms, during which time the results of 
frequency measurement are processed. This 
time is independent of the cycle period. 
During the remaining time, MWN is at logic 0 
and the received frequency is measured. 


When slightly different frequencies are pro- 
grammed repeatedly and AFC is switched on, 
the received frequency can be measured 
using FOV and FLOCK. To prevent the fre- 
quency counter and frequency buffer being 
loaded at the same time, frequency should be 
programmed only during the period of 
MWN = logic 0. 


Port Information Bits 


P23/1N, P22/1N — Set to logic 0 (Active- 
LOW) at a LOW-to-HIGH transition in the 
input voltage on P23 and P22, respectively. 
Both are reset to logic 1 after the port 
information has been read. 


P23/0N, P22/0N — As for P23/1N and P22/ 
1N, but are set to logic 0 at a HIGH-to-LOW 
transition. 


P1I23, PI21, PI20, Pl — Indicate input voltage 
levels at P23, P22, P21, and P20, respective- 
ly. A logic 1 indicates a HIGH input level. 


Reset 

The programming to reset all registers is 
shown in Figure 5. Reset is activated only at 
data byte HEX06. Acknowledge is generated 
at every byte, provided that CITAC is not in 
the power-down reset mode. After the gener- 
al call address byte, transmission of more 
than one data byte is not allowed. 


December 2, 1986 


GENERAL CALL ADDRESS 


Figure 5. Reset Programming 


12¢ BUS TIMING (Figure 6) 


I7C bus load conditions are as follows: 
4kQ pull-up resistor to +5V; 200pF capacitor to GND. 


All values are referred to Vj, =3V and Vi, = 1.5V. 


| LIMITS 
SYMBOL PARAMETER UNIT 
_min | Typ | Max | 


iar | Om too teioe war Sid | | 
su: ra | Siar conation sou ore Sd | 
"ho. tra | Str conation hos ime Sd | 
Me SCL, SOA tee me 

ho. txc | Acknowedge (rom CITAC) hold me | 0 
tau toro | Step condition etme df | Td a 
tau oon | Data soup time (was) SST ST Si | 
To. thon | Data oid time (eae) Sst |) 
tau tc Acinowiedge om masion soup ime [| 1 | | | a 
ho: Acnowiedge om maston oid ime | 2 | | | = 


NOTE: 
Timings tsu, tpat and typ, tpatr deviate from the I?C bus specification. 
After reset has been activated, transmission may only be started after a 50us delay. 
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tp trpa 


WF18771S 


Figure 6. IC Bus Timing SAB3035 
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The necessity for television set manufactur- 
ers to reduce costs, provide more features, 
simplify tuning and incorporate remote control 
has led to a need for all-electronic digital 
tuning and control circuits. Naturally enough, 
component manufacturers would prefer to 
meet the need with a dedicated integrated 
system which they can make in large quanti- 
ties. This, however, is impractical because it 
would not allow the set manufacturers to 
satisfy the widely varying requirements of the 
TV market. The most suitable system is 
therefore one controlled by a standard micro- 
computer (e.g., one from the MAB/SCN8400 
family), so that the variants can be accommo- 
dated by software. The only additional com- 
ponents that then need to be separately 
integrated are those required for interfacing 
and for performing functions that cannot be 
handled by the microcomputer because of 
speed, voltage or power consumption consid- 
erations. To minimize costs and maximize 
performance, however, the partitioning of the 
remaining functions and their allocation to 
various integrated circuits peripheral to the 
microcomputer must be carefully considered. 


Figure 1 illustrates the control and tuning 
functions in a basic TV set, and shows how 
the circuitry is positioned within the cabinet. 
Some of the functions are concentrated 
around the microcomputer and mounted 
close to the front panel to reduce the cost of 
the wiring to the local keyboard and displays. 
The tuning and analog controls are on the 
main chassis. The only link between the 
microcomputer and the main chassis is a 2- 
wire bidirectional I2C bus which allows the 
microcomputer to read tuning status and 
other information from the main chassis, and to 
write data regarding required frequency and 
analog contro! settings to the main chassis. 


The foregoing considerations have led to the 
design of the SAB3035 integrated Computer 
Interface for Tuning and Analog Control (Cl- 
TAC). The SAB3035 is an |2C bus-compatible 
microcomputer peripheral IC for digital fre- 
quency-locked loop (FLL) tuning and control 
of analog functions associated with the TV 
picture and sound. This is shown in block 
form in Figure 2. The IC incorporates a 
frequency synthesizer using the charge pump 
FLL principle and contains the following cir- 
cuits: 

@ 15-bit frequency counter with a 

resolution of 50kHz 
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@ Charge pump and 30V tuning-voltage 
amplifier 

@ AFC amplifier 

@ Logic circuitry for programming the 
currents for the charge pump and AFC 
amplifier 

® Four high-current band switches 


@ Four general-purpose I/O ports for 
additional control functions 


@ A single-pin crystal-controlled 4MHz 
reference oscillator 


® Receiving/transmitting logic for the 2- 
wire IC bus 


@ Eight static DACs for control of analog 
functions associated with the picture 
and sound. 


UHF / VHF 
TUNER 
PRESCALER 


TUNING 


ANALOG 
CONTROL 


keyboard 


channel / 
program no. 


switch 


FUNCTIONAL DESCRIPTION 
I7C Bus 


The SAB3035 is microcomputer-controlled 
via an asynchronous, Inter-IC (I?C) bus. The 
bus is a two-wire, bidirectional serial intercon- 
nect which allows integrated circuits to com- 
municate with each other and pass control 
and data from one IC to another. The commu- 
nication commences after a start code incor- 
porating an IC address and ceases on receipt 
of a stop code. Every byte of transmitted data 
must be acknowledged by the IC that re- 
ceives it. Data to be read must be clocked out 
of the IC by the microcomputer. The address 
byte includes a control bit which defines the 
read/write mode. 


band- analog 
control 


a 
| TELETEXT 


—-e DECODER 


[| 


CHASSIS 


1 mMemMoRY 


| for program info | 


& system status 


NiCd 

+ ‘ 'Y 

1,2V 
crc 
| CLOCK / 


‘ = CALENDER 


-—s 


CONTROL PANEL 


BD03210S 


Figure 1. Basic TV Control System 
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STATUS/CONTROL 
Meal R ON RESET 
REGISTER POWER 0 


a, (ie. 
--O} \O- 
= = 
DATA 4 PORTS 
OvuTPUT (BAND- 


REFERENCE COUNTER REGISTER SWITCH) 
& 
OSCILLATOR 


ZERO DETECTION 
& 
TUNING CONTROL 


se 4 PORTS 
DATA (1/0) 


TUNING COUNTER REGISTER 


15-BIT 
FREQUENCY COUNTER 
FREQUENCY 
REGISTER 


‘<.. | BUS TRANSCEIVER 
& CONTROL 


SAB3035 


ANALOG DATA 
LATCH-REGISTER 
(8x 6-BITS) 


DAC6 | DAC4 | DAC2 | DACO 
DAC7 DACS DAC3 DAC! 
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Figure 2. Block Diagram of the SAB3035 


ZERO DETECTION 
& 


TUNING CONTROL 


TUNING COUNTER 


15-BIT 
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COUNTER 
& OSCILLATOR 


BD03230S 


Figure 3. Block Diagram of the SAB3035 
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System 

Figure 3 is the block diagram of the frequency 
synthesizing system comprising a frequency- 
locked loop (FLL) and an external prescaler 
which divides the frequency of the voltage- 
controlled local oscillator in the TV tuner by 
64 or 256. The tuning section comprises a 15- 
bit programmable frequency counter, a 15-bit 
tuning counter, tuning control and zero detec- 
tion logic, a reference counter and a charge 
pump followed by a low-pass filter amplifier. 


FDIV Input accepts frequency-divided local 
oscillator signals with a level of more than 
100mV and a frequency of up to 16MHz. The 
frequency measurement period is defined by 
passing the internally-amplified signal from 
FDIV through a gate which is controlled by 
the reference counter. The reference counter 
is driven by a crystal-controlled oscillator, the 
low level output of which is almost free from 
high-order harmonics. This oscillator also 
generates the internal clock for the IC. Before 
starting the frequency measurement cycle, 
the 15 bits of data in the latch register, which 
represent the required local oscillator fre- 
quency, are loaded into the frequency count- 
er. Pulses from the prescaler then decrement 
the frequency counter for the duration of the 
measurement period. 
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The contents of the frequency counter at the 
end of the measurement period indicate 
whether or not the frequency of the local 
oscillator in the tuner is the same as the 
desired frequency, which was preloaded into 
the frequency counter. If the frequency count- 
er contents is zero after the measurement 
period, a flag (FLOCK), which can be read by 
the microcomputer serial bus, is set to indi- 
cate that the local-oscillator is correctly 
tuned. 


A frequency counter contents of other than 
zero at the end of the measurement period 
indicates that the tuner local oscillator fre- 
quency is either too high (contents below 
zero) or too low (contents above zero). If it is 
too high, an overflow flag which initiates the 
"tuning down'' function is set. To generate 
the tuning voltage correction, the tuning 
counter is loaded with the remaining contents 
of the frequency counter at the end of the 
measurement period, and then decremented 
to zero by an internal clock. The duration of 
the pulse applied to the charge pump is 
proportional to the time taken to decrement 
the tuning counter to zero, and therefore also 
proportional to the tuning error. The frequen- 
cy correction has a resolution of 50kHz. 


The frequency measurement method of tun- 
ing used in the SAB3035 can also be easily 
combined with analog AFC to allow tracking 
of a drifting transmitter frequency within a 
limited range. The required tuning mode (with 
or without AFC) is selected and controlled by 
software. By not testing some of the LSBs of 
the contents of the frequency counter, tune-in 
"windows'' of + 100kHz or + 200kHz can be 
defined. The corresponding AFC ''windows"' 
are + 400kHz or + 800kHz. The SAB3035 also 
contains the AFC control logic and amplifier. 
To allow matching to a wide variety of tuners, 
the tuning loop gain and tuning speed can be 
adjusted over a wide range. To minimize 
sound on picture, a ‘tuning hold'' mode is 
selectable in which the charge pump and 
AFC currents can be reduced when correct 
tuning has been achieved. 


Bandswitching 

The IC also incorporates four 50 mA current 
sources with outputs at ports P10 to P13 for 
executing band switching instructions from 
the microcomputer. Bandswitching data is 
stored in the data output register. The supply 
voltage for the current sources is derived 
from a separate input (Vcco2) and is therefore 
independent of the logic supply voltage 


(Vcc): 
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Figure 4. Using Some of the Selectable Charge Pump Currents 
for Making 50kHz Tuning Steps in the UHF Band 


I/O Ports 

There are four bidirectional ports P20 to P23 
for additional control signals to or from the TV 
receiver. Typical examples of these additional 
controls are stereo/dual sound, search tuning 
and switching for external video sources. The 
output data for ports P20 to P23 is stored in 
the port data register. 


Input data must be present during the read 
cycle. Two of the inputs are edge-triggered. 
Each input signal transition is stored and can 
be read by the microcomputer via the serial 
data bus. The stored data is cleared after 
each read cycle. 


Analog Controls 

The SAB3035 includes eight static DACs for 
controlling analog functions associated with 
the TV picture and sound (volume, tone, 
brightness, contrast, color saturation, etc.). 
External RC networks are not necessary to 
complete the D/A conversion. The control 
data for the DACs is derived from the serial 
data bus and stored in eight 6-bit latch 
registers. The output voltage range at DACO 
to DAC7 is 0.5V to 10.5V and can be adjusted 
in 64 increments. 
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Microcomputer Peripheral IC Tunes 


and Controls a TV Set AN4157 
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Figure 5. This Typical Example of the SAB3035 in a TV Tuning and Control System Shows how the Peripheral 
Components Have Been Reduced to Three Capacitors, a Resistor and a 4MHz Crystal 


NOTE: 
Originally published as Technical Publication 097, Electronic Components and Applications, Vol. 5 No. 2, February, 1983, the Netherlands. 
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DESCRIPTION 


The SAB3036 provides closed-loop digi- 
tal tuning of TV receivers, with or without 
AFC, as required. It also controls 4 
general purpose I/O ports and 4 high- 
current outputs for tuner band selection. 


The IC is used in conjunction with a 
microcomputer from the MAB8400 fami- 
ly and is controlled via a two-wire, bi- 
directional |@C bus. 


FEATURES 


@ Combined analog and digital 
circuitry minimizes the number of 
additional interfacing components 
required 

@ Frequency measurement with 
resolution of 50kHz 

e Selectable prescaler divisor of 64 
or 256 


e 32V tuning voitage amplifier 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 


SAB3036 


FLL Tuning and Control Circuit 


Product Specification 


e 4 high-current outputs for direct 
band selection 


e Four general purpose input/ 
output (I/O) ports 


e Tuning with control of speed and 
direction 

e Tuning with or without AFC 

e Single-pin, 4MHz on-chip 
oscillator 

e 12C bus slave transceiver 


APPLICATIONS 

e TV receivers 

e Satellite receivers 
e CATV converters 


18-Pin Plastic DIP (SOT-102HE) -20°C to +70°C SAB3036N 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage ranges: 
(Pin 5) 
(Pin 14) 
(Pin 9) 


Vspa (Pin 17) 
Vsci (Pin 18) 
Vp20, P21 (Pins 1 and 2) 


Vp22, p23, AFC | (Pins 3 and 4) 


SYMBOL PARAMETER RATING UNIT 


Input/output voltage ranges: 


Vosc 


Vt (Pin 6) 
VTUN (Pin 8) 
Vpix (Pins 10 to 13) 
Vepiv (Pin 15) 


(Pin 16) 


-0.3 to +18 
-0.3 to +18 
-0.3 to +36 


<<< 


-0.3 to +18 
-0.3 to +18 
-0.3 to +18 
-0.3 to Voc; ' 
-0.3 to Voc: | 
-0.3 to Voc3 
-0.3 to Voce 
-0.3 to Voci . 
-0.3 to +5 


<<<<<c<c<<cc 


PIN CONFIGURATION 


N Package 


TOP VIEW 


CD11960S 


SYMBOL DESCRIPTION 


P20 General purpose 


P21 Input/output ports 

P22/AFC+ General purpose input/output 

P23/AFC- ports and AFC inputs 

Voc +12V supply voltage 

Tl Tuning voltage amplifier 
inverting input 

GND Ground 

TUN Tuning voltage amplifier output 

Voc3 +32V supply for tuning 
voltage amplifier 

P10 

P11 High-current band-selection 

P12 output ports 

P13 

Voce Positive supply for high-current 
band-selection output 
circuits 

FDIV Input from prescaler 

OSC Crystal oscillator input 

SDA Serial data line ic bus 

SCL Serial clock line 


Total power dissipation 1000 
Storage temperature range -65 to +150 
Operating ambient temperature range -20 to +70 


NOTES: 
1. Pin voltage may exceed supply voltage if current is limited to 10mA. 
2. Pin voltage must not exceed 18V but may exceed Vcco if current is limited to 200mA. 
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BLOCK DIAGRAM 


PRESCALER 


POWER-ODOWN REFERENCE 
DETECTOR OSCILLATOR 


PORT 1 
CONTROL 
CIRCUIT 


SAB3036 


raw 
MWN 


REFERENCE 15-BIT 
COUNTER FREQUENCY BUFFER 


15-BIT 
FREQUENCY COUNTER 


bn FOV dg gELOCK 5 g FL 
TUNING CONTROL CIRCUIT 


CONTROL CIRCUIT 


DIVISOR 
SELECTOR 


12-BIT CHARGE 
TUNING COUNTER PUMP TUNING 
VOLTAGE 
AMPLIFIER 


Vec1 


AFC 
AMPLIFIER 


CORRECTION- 


BD08031S 
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DC AND AC ELECTRICAL CHARACTERISTICS Ty, = 25°C; Voci, Voce, Vec3 at typical voltages, unless otherwise 


specified. 


SYMBOL PARAMETER 


Voci Supply voltages 
Voce 
Voces 


loc1 Supply currents (no outputs loaded) 
Icc2 
locs 0.2 


2 mA 
fe peer aT es 
Ioc3a 2 mA 
[Prot | Tal power dospaton ——SSSCS~=~“~*~*~‘“‘“‘~*~*sSC‘“‘“(LSO™#*CSOWOC#C™#*#*dSSO 
Tx | Operating ambient mporae —SSSSC~=“*‘*é*sSCSCSdYSC:‘“‘(C#*WLCSCOC' 

IC bus inputs/outputs SDA input (Pin 17); SCL input (Pin 18) 
Pn | tpt votage wGHESSC~dSCiSSdYSSSC*dtC | 
vn | putwotage tow SSCSC~—~—~*~*—‘“‘—*~*~*~*~*~sSCSYSS~*dSCitSY 
Pin | eputcurentgH®SSSC~—~—CSSSSC“‘(’C*‘Y SOC 
Pn | put ourenttoweSSSCS~—SCSSSCSSC“‘(TS SC‘ CY 
[| S0A output Pin 17, opencoteson dd 
Yor | Ouput votege LOWatin=anaSSCS™~—~—S—sYSSC“‘“!™C* 
in| Maximum output sik ourent ——SSCS~“~*~*~é~‘“SC“‘“‘(‘“d;™CSC*'SCS 
Open-collector I/O ports P20, P21, P22, P23 (Pins 1 to 4, open-collector) 


AFC amplifier Inputs AFC+, AFC-— (Pins 3, 4) 


Transconductance for input voltage up to 1V differential: 
AFCS1 AFCS2 
0 0 


0 1 
1 0 
1 1 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C; Vcoci, Voce, Voc3 at typical voltages, unless 


otherwise a 


PMTs 
_ a win [tye [mee | 


Tuning voltage amplifier Input Tl, output TUN (Pins 6, 8) 


Maximum output voltage at ILoap = +2.5mA 


Minimum output voltage at I_oap = +2.5mA: 
VTMI1 VTMIO 

0 0 

: 


tru | Maximum ouput source curent ——=S~=~“‘*‘“*‘~wtCSCS*dSSCdt 
rum | Maximum ouput snk curent ———SSSSCSC~=~“~*~“~*~*~stCSC‘“‘“dtSSSYSC*d mk 
input bias curent——SSSCS*~—~—“—*~‘—*~*~é‘iS iY 
psn | Power spy (voc) raecion aio —=~=*=“‘*S*dSCS*~“‘“(;SSwCYSCSS 


Minimum charge IT to tuning voltage amplifier 
Hd S 
rs 250 ol 


TUHN1 TUHNO 


0 0 


0 1 
1 0 
1 1 


Tolerance of charge (or AVtyn) multiplying factor when COIB 
ACH 
and/or TUS are used 


Maximum current | into tuning amplifier 
TUHN1 TUHNO 
0 0 


0 1 
1 0 
1 1 


Correction-in-band 


| Gorrectioninsband 

[aves | Tolerance of corectonin-band levels 12V, tev andeav | 1 | -+| +8 | % 
Band-select output ports P10, P11, P12, P13 (Pins 10 to 13) 

Vor | Output votage HIGH at -lon=s50ma® Sd owe 08] TT 

Vo. _| Output votage LOW atin=@maSSC~=<“—~sSC“‘dLC(*i=CO OCLC 

F=lon | Masirwm output source curen®@ —SSSSC*dYSSSCSC*dSCS S| DOA 

io. | Maximum output sink curert ——SSSCSC~=~<~sSC“‘dTf~SC«dTSSC*dTSr 


FDIV input (Pin 15) 


Input voltage (peak-to-peak value) 
VeDIV (P-P) (trise and traLL < 40ns) 0.1 V 
Input impedance rr a 


Input capacitance 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C; Voci, Voce, Vocg at typical voltages, unless 


otherwise <a; 


PMTs 
_ a win [tye [mae | 


OSC input (Pin 24) 


Power-down reset 


Maximum supply voltage V at which power-down reset is 
Ps 


Ptho Vcc1 rise time during power-up (up to Vpp) — = a 


Voltage level for valid module address 


Voltage level at P20 (Pin 1) for valid module address as a 
function of MA1, MAO 
MA1 MAO 
0 


0 
0 1 
1 0 
1 1 


NOTES: 

1. For each band-select output which is programmed at logic 1, sourcing a current IoHpix, the additional supply currents (A) shown must be added to 
loc2 and Icoc3, respectively. 

2. If Voc1 < 1V, the input current is limited to 10yuA at input voltages up to 16V. 

3. At continuous operation the output current should not exceed 50mA. When the output is short-circuited to ground for several seconds the device may 
be damaged. 

4. Values are proportional to Vcci. 
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FUNCTIONAL DESCRIPTION 

The SAB3036 is a monolithic computer inter- 
face which provides tuning and control func- 
tions and operates in conjunction with a 
microcomputer via an |@C bus. 


Tuning 

This is performed using frequency-locked 
loop digital control. Data corresponding to the 
required tuner frequency is stored in a 15-bit 
frequency buffer. The actual tuner frequency, 
divided by a factor of 256 (or by 64) by a 
prescaler, is applied via a gate to a 15-bit 
frequency counter. This input (FDIV) is mea- 
sured over a period controlled by a time 
reference counter and is compared with the 
contents of the frequency buffer. The result of 
the comparison is used to control the tuning 
voltage so that the tuner frequency equals 
the contents of the frequency buffer multi- 
plied by 50kHz within a programmable tuning 
window (TUW). 


The system cycles over a period of 6.4ms (or 
2.56ms), controlled by the time reference 
counter which is clocked by an on-chip 4MHz 
reference oscillator. Regulation of the tuning 
voltage is performed by a charge pump fre- 
quency-locked loop system. The charge IT 
flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC 
and the charge pump circuit. The charge IT is 
linear with the frequency deviation Af in steps 
of 50kHz. For loop gain control, the relation- 
ship AIT/Af is programmable. In the normal 
mode (when control bits TUHNO and TUHN1 
are both at logic 1, see OPERATION), the 
minimum charge IT at Af=50kHz equals 
250uA us (typical). 


By programming the tuning sensitivity bits 
(TUS), the charge IT can be doubled up to 6 
times. If correction-in-band (COIB) is pro- 
grammed, the charge can be further doubled 
up to three times in relation to the tuning 
voltage level. From this, the maximum charge 


MODULE ADDRESS 


IT at Af = 50kHz equals 2° x 2° x 250uAus 
(typical). 


The maximum tuning current | is 875yA 
(typical). In the tuning-hold (TUHN) mode 
(TUHN is Active-LOW), the tuning current | is 
reduced and as a consequence the charge 
into the tuning amplifier is also reduced. 


An in-lock situation can be detected by read- 
ing FLOCK. When the tuner oscillator fre- 
quency is within the programmable tuning 
window (TUW), FLOCK is set to logic 1. If the 
frequency is also within the programmable 
AFC hold range (AFCR), which always occurs 
if AFCR is wider than TUW, control bit AFCT 
can be set to logic 1. When set, digital tuning 
will be switched off, AFC will be switched on 
and FLOCK will stay at logic 1 as long as the 
oscillator frequency is within AFCR. If the 
frequency of the tuning oscillator does not 
remain within AFCR, AFCT is cleared auto- 
matically and the system reverts to digital 
tuning. To be able to detect this situation, the 
occurrence of positive and negative transi- 
tions in the FLOCK signal can be read (FL/ 
1N and FL/ON). AFCT can also be cleared by 
programming the AFCT bit to logic 0. 


The AFC has programmable polarity and 
transconductance; the latter can be doubled 
up to 3 times, depending on the tuning 
voltage level if correction-in-band is used. 


The direction of tuning is programmable by 
using control bits TDIRD (tuning direction 
down) and TDIRU (tuning direction up). If a 
tuner enters a region in which oscillation 
stops, then, providing the prescaler remains 
stable, no FDIV signal is supplied to CITAC. In 
this situation the system will tune up, moving 
away from frequency lock-in. This situation is 
avoided by setting TDIRD which causes the 
system to tune down. In normal operation 
TDIRD must be cleared. 


If a tuner stops oscillating and the prescaler 
becomes unstable by going into self-oscilla- 
tion at a very high frequency, the system will 


INSTRUCTION BYTE 


react by tuning down, moving away from 
frequency lock-in. To overcome this, the sys- 
tem can be forced to tune up at the lowest 
sensitivity (TUS) value, by setting TDIRU. 


Setting both TDIRD and TDIRU causes the 
digital tuning to be interrupted and AFC to be 
switched on. 


The minimum tuning voltage which can be 
generated during digital tuning is programma- 
ble by VTMI to prevent the tuner being driven 
into an unspecified low tuning voltage region. 


Control 

For tuner band selection there are four out- 
puts — P10 to P13— which are capable of 
sourcing up to 50mA at a voltage drop of less 
than 600mV with respect to the separate 
power supply input Vcco. 


For additional digital control, four open-col- 
lector |/O ports — P20 to P23 — are provid- 
ed. Ports P22 and P23 are capable of detect- 
ing positive and negative transitions in their 
input signals and are connected with the 
AFC+ and AFC- inputs, respectively. The 
AFC amplifier must be switched off when P22 
and/or P23 are used. When AFC is used, P22 
and P23 must be programmed HIGH (high 
impedance state). With the aid of port P20, up 
to three independent module addresses can 
be programmed. 


Reset 

CITAC goes into the power-down reset mode 
when Vcc is below 8.5V (typical). In this 
mode all registers are set to a defined state. 
Reset can also be programmed. 


OPERATION 


Write 

CITAC is controlled via a bidirectional two- 
wire I@C bus. For programming, a module 
address, R/W bit (logic 0), an instruction byte 
and a data/control byte are written into Cl- 
TAC in the format shown in Figure 1. 


DATA/CONTROL BYTE 
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Figure 1. 12C Bus Write Format 
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The module address bits MA1, MAO are used Table 1. Valid Module Addresses 
to give a 2-bit module address as a function 
of the voltage at port P20 as shown in 


Table 1. Don't care 
Acknowledge (A) is generated by CITAC only 1 GND 
when a valid address is received and the /2 Voct 
device is not in the power-down reset mode Voc 
(Vcoci > 8.5V (typical). 

Tuning 

Tuning is controlled by the instruction and 

data/control bytes as shown in Figure 2. TYP. Imax | TYP. ITwin TYP. AVrynmin at Cint = 10F 
Frequency (uA) (uA/us) (uV) 
Frequency is set when Bit I7 of the instruction 3.51 41 41 

byte is set to logic 1; the remainder of this 29 


byte together with the data/control byte are 
loaded into the frequency buffer. The fre- 
quency to which the tuner oscillator is regulat- 
ed equals the decimal representation of the 
15-bit word multiplied by 50kHz. All frequency 
bits are set to logic 1 at reset. 


NOTE: 
1. Values after reset. 


Tuning Hold Table 3. Minimum Charge IT as a Function of TUS Af = 50kHz; 
The TUHN bits are used to decrease the TUHNO = Logic 1; TUHN1 = Logic 1 
maximum tuning current and, as a conse- 


TYP. ITwin TYP. AVrunmin at Cint = 1F 
(mA/ us) (mV) 


0.25! 0.25! 


quence, the minimum charge IT (at TUSO 
Af = 50kHz) into the tuning amplifier. 


During tuning but before lock-in, the highest 
current value should be selected. 
After lock-in the current may be reduced to 
decrease the tuning voltage ripple. 


The lowest current value should not be used 
for tuning due to the input bias current of the 
tuning voltage amplifier (maximum 5nA). wore: 

However, it is good practice to program the 1. values after reset. 
lowest current value during tuner band 

switching. 


Tuning Sensitivity 

To be able to program an optimum loop gain, 
the charge IT can be programmed by chang- 
ing T using tuning sensitivity (TUS). Table 3 
shows the minimum charge IT obtained by 
programming the TUS bits at Af = 50kHz; 
TUHNO and TUHN1 = logic 1. 


INSTRUCTION BYTE DATA/CONTROL BYTE 


FO 
VTMIO  AFCR1 AFCRO TUHN1 TUHNO TUW1 TUWO 


coiB1 COIBO AFCS1 AFCSO TUS2 TUSi TUSO 


0 0 0 AFCP FDIVM TDIRD' TDIRU 


Figure 2. Tuning Control Format 
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Correction-In-Band 

This control is used to correct the loop gain of 
the tuning system to reduce in-band varia- 
tions due to a non-linear voltage/frequency 
characteristic of the tuner. Correction-in-band 
(COIB) controls the time T of the charge 
equation IT and takes into account the tuning 
voltage Vryun to give charge multiplying fac- 
tors as shown in Table 4. 


The transconductance multiplying factor of 
the AFC amplifier is similar when COIB is 
used, except for the lowest transconductance 
which is not affected. 


Tuning Window 

Digital tuning is interrupted and FLOCK is set 
to logic 1 (in-lock) when the absolute devia- 
tion |Afl between the tuner oscillator frequen- 
cy and the programmed frequency is smaller 
than the programmed TUW value (see Table 
5). If IAfl is up to 50kHz above the values 
listed in Table 5, it is possible for the system 
to be locked depending on the phase rela- 
tionship between FDIV and the reference 
counter. 


AFC 

When AFCT is set to logic 1 it will not be 
cleared and the AFC will remain on as long as 
|Afl is less than the value programmed for the 
AFC hold range AFCR (see Table 6). It is 
possible for the AFC to remain on for values 
of up to 50kHz more than the programmed 
value depending on the phase relationship 
between FDIV and the reference counter. 


Transconductance 

The transconductance (g) of the AFC amplifi- 
er is programmed via the AFC sensitivity bits 
AFCS as shown in Table 7. 


AFC Polarity 

If a positive differential input voltage is ap- 
plied to the (switched on) AFC amplifier, the 
tuning voltage Vtyn falls when the AFC 
polarity bit AFCP is at logic 0 (value after 
reset). At AFCP = logic 1, Vrtun rises. 


Minimum Tuning Voitage 

Both minimum tuning voltage control bits, 
VTMI1 and VTMIO, are at logic O after reset. 
Further details are given in CHARACTERIS- 
TICS. 


Frequency Measuring Window 

The frequency measuring window which is 
programmed must correspond with the divi- 
sion factor of the prescaler in use 
(see Table 8). 


Tuning Direction 
Both tuning direction bits, TDIRU (up) and 
TDIRD (down), are at logic O after reset. 
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Table 4. Programming Correction-In-Band 


| Se a ne ere MULTIPLYING PAGIOnS AT TYPICAL 


41 
2 
4 
8 


-~O-+- Oo 


NOTE: 
1. Values after reset. 


Table 5. Tuning Window Programming 


TuW1 Tuwo ee TUNING WINDOW (kHz) 


0 o1 
0 : a 100 
1 0 150 300 


NOTE: 
1. Values after reset. 


Table 6. AFC Hold Range Programming 


NOTE: 
1. Values after reset. 


Table 7. Transconductance Programming 


[_arcst | _AFoso__| TVR. TRANSCONDUCTANGE (iA) 


0 0 0.25! 
0 1 25 
1 0 50 
1 1 100 


NOTE: 
1. Value after reset. 


Table 8. Frequency Measuring Window Programming 


PRESCALER DIVISION FACTOR| CYCLE PERIOD | MEASURING WINDOW 
(ms) (ms) 
et 6.4! 5.12! 
2.56 1.28 
NOTE: 


1. Values after reset. 
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Control 

The instruction byte POD (port output data) is 
shown in Figure 3, together with the corre- 
sponding data/control byte. Control is imple- 
mented as follows: 


P13, P12, P11, P10 — Band select outputs. If 
a logic 1 is programmed on any of the POD 
bits D3 to Do, the relevant output goes HIGH. 
All outputs are LOW after reset. 


P23, P22, P21, P20 — Open-collector I/O 
ports. If a logic 0 is programmed on any of the 
POD bits D7 to D4, the relevant output is 
forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 


Read 

Information is read from CITAC when the R/W 
bit is set to logic 1. An acknowledge must be 
generated by the master after each data byte 
to allow transmission to continue. If no ac- 
knowledge is generated by the master the 
slave (CITAC) stops transmitting. The format of 
the information bytes is shown in Figure 4. 


Tuning/Reset Information Bits 


FLOCK — Set to logic 1 when the tuning 
oscillator frequency is within the programmed 
tuning window. 


FL/1N — Set to logic 0 (Active-LOW) when 
FLOCK changes from 0 to 1 and is reset to 
logic 1 automatically after tuning information 
has been read. 


MODULE ADDRESS 


Circuit 


INSTRUCTION BYTE 
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DATA/CONTROL BYTE 


P23. P22 P21 P20 P13 P12 P11 P10 


AF04700S 


Figure 3. Control Programming 


FL/ON — As for FL/1N but is set to logic 0 
when FLOCK changes from 1 to 0. 


FOV — Indicates frequency overflow. When 
the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is 
at logic 1, and when too low, FOV is at logic 
0. FOV is not valid when TDIRU and/or 
TDIRD are set to logic 1. 


RESN — Set to logic 0 (Active-LOW) by a 
programmed reset or a power-down reset. It 
is reset to logic 1 automatically after tuning/ 
reset information has been read. 


MWN — MWN (frequency measuring window, 
Active-LOW) is at logic 1 for a period of 
1.28ms, during which time the results of 
frequency measurement are processed. This 
time is independent of the cycle period. 
During the remaining time, MWN is at logic 0 
and the received frequency is measured. 


When slightly different frequencies are pro- 
grammed repeatedly and AFC is switched on, 
the received frequency can be measured 
using FOV and FLOCK. To prevent the fre- 
quency counter and frequency buffer being 


TUNING/RESET INFORMATION 


FL/1N 


FLOCK 
FROM CITAC 


Figure 4. Information Byte Format 


GENERAL CALL ADDRESS 
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Figure 5. Reset Programming 
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loaded at the same time, frequency should be 
programmed only during the period of 
MWN = logic 0. 


Port Information Bits 


P23/1N, P22/1N — Set to logic 0 (Active- 
LOW) at a LOW-to-HIGH transition in the 
input voltage on P23 and P22, respectively. 
Both are reset to logic 1 after the port 
information has been read. 


P23/0N, P22/0N — As for P23/1N and P22/ 
1N but are set to logic 0 at a HIGH-to-LOW 
transition. 


P123, P122, P121, P120 — Indicate input 
voltage levels at P23, P22, P21 and P20, 
respectively. A logic 1 indicates a HIGH input 
level. 


Reset 

The programming to reset all registers is 
shown in Figure 5. Reset is activated only at 
data byte HEX06. Acknowledge is generated 
at every byte, provided that CITAC is not in 
the power-down-reset mode. After the gener- 
al call address byte, transmission of more 
than one data byte is not allowed. 


PORT INFORMATION 


P23/1N 


FROM MASTER 
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I2C Bus Timing 
I?7C bus load conditions are as follows: 
4kQ pull-up resistor to +5V; 200pF capacitor to GND. 


All values are referred to Viy=3V and Vi, = 1.5V. 


/ Limits 
SYMBOL PARAMETER UNIT 
jin | Tye | Max 


tau Bus free before start 


ee 
a 
Puow | SOL, SOA LOW pood ———SSSC=dtC ST STS 
run | SOLHGH pert ——SSSC=dt | 
re S0L, Savoie ——SSSSCSSC*dSSCi‘dT STs 
[esc soa time —SSSSC«dSCSCSSid | 
tus tar | Data soup tne wis) ———SSS«d SF | | 
io» toar | Data hold te wis) ——SSS=dt Ct | Yd 
su, tno | Adknowledge thom CITAG) setup tre | | (| 2 | 
Acknowledge (from CITAC) hold time 

Stop condition setup time 

Data setup time (read) 

Data hold time (read) 


Acknowledge (from master) setup time 


Acknowledge (from master) hold time 


NOTE: 
1. Timings tsy, tpat and typ, tpat deviate from the I?C bus specification. 
After reset has been activated, transmission may only be started after a 50us delay. 


ts tera tuo: tsta tsur tsto 


‘A FROM 
MASTER 


tsur roa 


WF 18771S 


Figure 6. IC Bus Timing SAB3036 
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DESCRIPTION 


The SAB3037 provides closed-loop digi- 
tal tuning of TV receivers, with or without 
AFC, as required. It also controls up to 4 
analog functions, 4 general purpose |/O 
ports and 4 high-current outputs for 
tuner band selection. 


The IC is used in conjunction with a 
microcomputer from the MAB8400 fami- 
ly and is controlled via a two-wire, bi- 
directional IC bus. 


FEATURES 


e Combined analog and digital 
circuitry minimizes the number of 
additional interfacing components 
required 


e Frequency measurement with 
resolution of 50kHz 


e Selectable prescaler divisor of 64 
or 256 


ORDERING INFORMATION 


ABSOLUTE MAXIMUM RATINGS 


Supply voltage ranges: 
(Pin 13) 
(Pin 19) 
(Pin 14) 


Vspa (Pin 2) 

Vsct (Pin 3) 

Vox (Pins 4 to 7) 

VAFC+, AFC- (Pins 8 and 9) 

Vt (Pin 10) 

VTUN (Pin 12) 

Vpix (Pins 15 to 18) 

Vebiv (Pin 20) 

Vosc (Pin 21) 

Vpacx (Pins 1 and 22 to 24) 


NOTES: 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
24-Pin Plastic DIP (SOT-101A) -20°C to +70°C SAB3037N 


SYMBOL PARAMETER RATING UNIT 


Input/output voltage ranges: 


Total power dissipation 
Storage temperature range -65 to +150 °C 
Operating ambient temperature range -20 to +70 


SAB3037 


FLL Tuning and Control Circuit 


Product Specification 


@ 32V tuning voltage amplifier 


e 4 high-current outputs for direct 
band selection 


e 4 static digital to analog 
convertors (DACs) for control of 
analog functions 


e Four general purpose input/ 
output (I/O) ports 


e Tuning with control of speed and 
direction 


e Tuning with or without AFC 

@ Single-pin, 4MHz on-chip 
oscillator 

e IC bus slave transceiver 


APPLICATIONS 

e TV receivers 

e Satellite receivers 
e CATV converters 


-0.3 to +18 
-0.3 to +18 
-0.3 to +18 
-0.3 to Voc} | 
-0.3 to Voci ’ 
-0.3 to Vecs * 

1 


-0.3 to Voce 
-0.3 to Voci 
-0.3 to +5 
-0.3 to Voc ' 


fo) 
oO 
6 6)8 e<ceeneees <<< 


"> 


1. Pin voltage may exceed supply voltage if current is limited to 10mA. 
2. Pin voltage must not exceed 18V but may exceed Vcco if current is limited to 200mA. 
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PIN CONFIGURATION 


N Package 


TOP VIEW 
€D11970S 


SYMBOL DESCRIPTION 


DAC3 Output of static DAC 

SDA Serial data line } 20 bus 

SCL Serial clock line 

P20 

P21 General purpose 

P22 input/output ports 

P23 

Ae, } AFC inputs 

Tl Tuning voltage amplifier inverting 
input 

GND Ground 

TUN Tuning voltage amplifier output 

Voc1 +12V supply voltage 

Voc3 +32V supply for tuning voltage 
amplifier 


SCOONOOAHLWN — 


P10 
P14 High-current band-selection output 
P12 ports 

P13 
Voce Positive supply for high-current 
band-selection output circuits 
FDIV Input from prescaler 

OSC Crystal oscillator input 

DACO 
DAC1 
DAC2 


Outputs of static DACs 


853-1057 86703 
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BLOCK DIAGRAM 


PRESCALER 


POWER-DOWN REFERENCE 
DETECTOR OSCILLATOR 


15-BIT 
FREQUENCY BUFFER 


15-BIT 
FREQUENCY COUNTER 


= = 


a 


TUNING CONTROL CIRCUIT 


CONTROL CIRCUIT 


OIVISOR 
SELECTOR 


12-BIT 
TUNING COUNTER TUNING 
VOLTAGE 
AMPLIFIER 


CORRECTION- 
IN-BANO 
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DC AND AC ELECTRICAL CHARACTERISTICS Ty, = 25°C; Vcc, Voce, Voc3 at typical voltages, unless otherwise 


specified. 
| mn | typ 
Voci Supply voltages 10.5 12 13.5 V 
Voce 4.7 13 16 V 
Voc3 30 32 35 V 


loci Supply currents (no outputs loaded) 18 45 mA 

loc2 0 0.1 mA 
loc3 0.2 2 mA 
locoa Additional supply currents (A)! loHP1x mA 
ICc3A 2 mA 

| Total power dissipation =| | 8! | 


Prot Total power dissipation 


Ta | Operating ambient ompoare ——S=S=~=“*~*~*~*~‘“dSCSC*dYSC*‘“‘CSC‘CSCWO™#CSSOO 
I2C bus inputs/outputs SDA input (Pin 2); SCL input (Pin 3) 
vn | trputwotage gH? SSC*~“~*idSC*SC‘“dRSC“‘#S;SCCL wD VC 
Pv: | rputwotagetowSSCS~=~“—~*~*~—‘—‘—s—*~sS**~*~sS sd tO 
rw | hpotewentnio® —SS~—~sS*~SsSSSC“‘“L”SC#dCOC*SO 
ru | put ourenttows—SSCS~—SCSTSS~*dSCSC~‘“‘“s!~*dY 
P| SoA ouput Pin 2 oponcoieo) ———SSSSC=‘iESC“‘SC*'YC#;'iC.COC#C#NNNCOC‘*#” 
vox | Output votage LOW atin=anaSSSS~=~“~*~*é~wSC“‘SCCidCO®':=C=**=C(‘sSC*d 
ioe | Maximum ouput sink ounent ——SSS*~=~“~*‘“*~*é*wtSC‘“‘“RSSC*dSCSC*C“‘(<‘*SSOA 
Open-collector I/O ports P20, P21, P22, P23 (Pins 4 to 7, open-collector) 
0 
Pv | trput vote tow SSC~S~sYC 
a 
a 
vo. | Output votage LOW atn=2mA CdS 
ion _| Maximum ouput sik ouront—SSCS~—SSCSCS 


AFC amplifier Inputs AFC+, AFC- (Pins 8, 9) 


Transconductance for input voltages up to 1V differential: 
AFCS1 AFCS2 
g00 0 0 100 250 800 


g01 0 1 15 25 35 
g10 1 0 30 50 70 
git 1 1 60 100 140 


Tolerance of transconductance multiplying factor (2, 4 or 8) 
3 ; +20 % 
when correction-in-band is used 


CMRR Common-mode rejection ratio | dB 
Power supply (Vcci) rejection ratio ) dB 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C; Voc1, Voce, Vecg at typical voltages, unless 


otherwise specified. 


LIMITS 
SYMBOL PARAMETER 


UNIT 
min | tye | Max 
Tuning voltage amplifier Input Ti, output TUN (Pins 10, 12) 


Minimum output voltage at l_oap = + 2.5mA: 


VTMI1 VTMIO 
0 0 
1 0 


1 650 900 mV 


3 
[iwi | Maxon ouput souse coment ——=S=SC=~=“‘*wdSCws~S*YSS*=*dtC iY 

Piru | Maximum ouput ark coro ——SSSCSC~C~“~*~sSC“~‘*rtCSYSdt mk 
rin | out ins curent——SSSCSC=~<“~*“~*~“‘~“~*«~tCSC Sd 
esa | Power spp Veco wncion ato ——=S=*=“‘CSCOC#d’SOC#C~*«d*SC‘wasSsYSC(‘C!CCOB 


Minimum charge IT to tuning voltage amplifier 
0.4 1 Tol yA/ ps 
4 8 14 LA/ us 
15 30 48 A/S 
130 250 370 YA/us 


TUHN1 TUHNO 
ACH Tolerance of charge (or AVryn) multiplying factor when COIB +20 % 
and/or TUS are used 


1 
0 
1 


0 0 
0 
1 
1 
Maximum current | into tuning amplifier 
TUHN1 TUHNO 
0 0 


0 1 
1 0 
1 1 


Correction-in-band 


| Correctionincband 
[aves | Tolerance of covestoninvband loves 12V, 18V. anda |e | «dT | 
Band-select output ports P10, P11, P12, P13 (Pins 15 to 18) 
Von | Output votge HIGH at low=soma® SS SSS«di ewes] SSCdSSSCSC*‘idSC‘SC* 
vo. | Output votage LOW ation=amaSSSSC~sSC“‘(S*YLC'(’CSCO¥W#~CNSO CS 
=ton | Masirur ouput souce wen —SSSSSSSCS~*idSC“‘“‘CS*COOO™#CiCO@OO | _ 
Maximum output sink current PB ma 
FDIV input (Pin 20) 
Veo wn | tnput votage Geek o-peak value) (moe and tran <aons) [ot | +i? 
twee C—‘“‘“*S*™S*rSCSSC*dSC‘“CN”SCSCNSCO 
fan | Manirur input Feaveney——SSSSCS*~=“~*~“‘*~*~‘“‘dCSSC*SC“‘CS‘*OC#d#COW 
poe | 
Ci pos | 


PZ Input impedance ae 


OSC input (Pin 21) 


December 2, 1986 4-78 


Signetics Linear Products Product Specification 


FLL Tuning and Control Circuit SAB3037 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C; Voc1, Voce, Vocg at typical voltages, unless 


otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pmin | tye | Mx 


DAC outputs 0 to 3 (Pins 22 to 24 and Pin 1) 


Positive value of smallest step (1 least significant bit) a ee ee eee 
O 
DL 


[Beviton tem inarty 
Z| Output mpesance at ow=e@mA——SSC~=~“‘“~*éiSC“‘“gRTOW#*dSOO OO 
[lov | Maximum ouput source event —SSSCS~*SSSS 
i. | Maxima ouput sik corent SCC 


Power-down reset 


Maximum supply voltage Vcc; at which power-down reset is 
Veb active sd . 


Voltage level for valid module address 


Voltage level at P20 (Pin 4) for valid module address as a 
function of MA1, MAO 


MA1 MAO 
0 0 
0 1 
1 0 
1 1 


NOTES: 

1. For each band-select output which is programmed at logic 1, sourcing a current Ioypix, the additional supply currents (A) shown must be added to 
Ioc2 and Ioc3, respectively. 

2. If Voc; < 1V, the input current is limited to 104A at input voltages up to 16V. 

3. At continuous operation the output current should not exceed 50mA. When the output is short-circuited to ground for several seconds the device may 
be damaged. 

4. Values are proportional to Vccj. 
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FUNCTIONAL DESCRIPTION 

The SAB3037 is a monolithic computer inter- 
face which provides tuning and control func- 
tions and operates in conjunction with a 
microcomputer via an I?C bus. 


Tuning 

This is performed using frequency-locked 
loop digital control. Data corresponding to the 
required tuner frequency is stored in a 15-bit 
frequency buffer. The actual tuner frequency, 
divided by a factor of 256 (or by 64) by a 
prescaler, is applied via a gate to a 15-bit 
frequency counter. This input (FDIV) is mea- 
sured over a period controlled by a time 
reference counter and is compared with the 
contents of the frequency buffer. The result of 
the comparison is used to control the tuning 
voltage so that the tuner frequency equals 
the contents of the frequency buffer multi- 
plied by 50kHz within a programmable tuning 
window (TUW). 


The system cycles over a period of 6.4ms (or 
2.56ms), controlled by the time reference 
counter which is clocked by an on-chip 4MHz 
reference oscillator. Regulation of the tuning 
voltage is performed by a charge pump fre- 
quency-locked loop system. The charge IT 
flowing into the tuning voltage amplifier is 
controlled by the tuning counter, 3-bit DAC 
and the charge pump circuit. The charge IT is 
linear with the frequency deviation Af in steps 
of 50kHz. For loop gain control, the relation- 
ship AIT/Af is programmable. In the normal 
mode (when control bits TUHNO and TUHN1 
are both at logic 1 (see OPERATION) the 
minimum charge IT at Af=50kHz equals 
250yuA/us (typical). 


By programming the tuning sensitivity bits 
(TUS), the charge IT can be doubled up to 6 
times. If correction-in-band (COIB) is pro- 
grammed, the charge can be further doubled 
up to three times in relation to the tuning 
voltage level. From this, the maximum charge 


MODULE ADDRESS 


IT at Af = 50kHz equals 2° x 2° x 250yA/ 
us (typical). 


The maximum tuning current | is 875yA 
(typical). In the tuning-hold (TUHN) mode 
(TUHN is Active-LOW), the tuning current | is 
reduced and as a consequence the charge 
into the tuning amplifier is also reduced. 


An in-lock situation can be detected by read- 
ing FLOCK. When the tuner oscillator fre- 
quency is within the programmable tuning 
window (TUW), FLOCK is set to logic 1. If the 
frequency is also within the programmable 
AFC hold range (AFCR), which always occurs 
if AFCR is wider than TUW, control bit AFCT 
can be set to logic 1. When set, digital tuning 
will be switched off, AFC will be switched on 
and FLOCK will stay at logic 1 as long as the 
oscillator frequency is within AFCR. If the 
frequency of the tuning oscillator does not 
remain within AFCR, AFCT is cleared auto- 
matically and the system reverts to digital 
tuning. To be able to detect this situation, the 
occurrence of positive and negative transi- 
tions in the FLOCK signal can be read (FL/ 
1N and FL/ON). AFCT can also be cleared by 
programming the AFCT bit to logic 0. 


The AFC has programmable polarity and 
transconductance; the latter can be doubled 
up to 3 times, depending on the tuning 
voltage level if correction-in-band is used. 


The direction of tuning is programmable by 
using control bits TDIRD (tuning direction 
down) and TDIRU (tuning direction up). If a 
tuner enters a region in which oscillation 
stops, then, providing the prescaler remains 
stable, no FDIV signal is supplied to CITAC. In 
this situation the system will tune up, moving 
away from frequency lock-in. This situation is 
avoided by setting TDIRD which causes the 
system to tune down. In normal operation 
TDIRD must be cleared. 


If a tuner stops oscillating and the prescaler 
becomes unstable by going into self-oscilla- 
tion at a very high frequency, the system will 


INSTRUCTION BYTE 


Figure 1. 12C Bus Write Format 


react by tuning down, moving away from 
frequency lock-in. To overcome this, the sys- 
tem can be forced to tune up at the lowest 
sensitivity (TUS) value, by setting TDIRU. 


Setting both TDIRD and TDIRU causes the 
digital tuning to be interrupted and AFC to be 
switched on. 


The minimum tuning voltage which can be 
generated during digital tuning is programma- 
ble by VTMI to prevent the tuner from being 
driven into an unspecified low tuning voltage 
region. 


Control 

For tuner band selection there are four out- 
puts — P10 to P13— which are capable of 
sourcing up to 50mA at a voltage drop of less 
than 600mV with respect to the separate 
power supply input Vcco. 


For additional digital control, four open-col- 
lector |1/O ports — P20 to P23 — are provid- 
ed. Ports P22 and P23 are capable of detect- 
ing positive and negative transitions in their 
input signals. With the aid of port P20, up to 
three independent module addresses can be 
programmed. 


Four 6-bit digital-to-analog converters — 
DACO to DAC3 —are provided for analog 
control. 


Reset 

CITAC goes into the power-down reset mode 
when Vcc; is below 8.5V (typical). In this 
mode all registers are set to a defined state. 
Reset can also be programmed. 


OPERATION 


Write 

CITAC is controlled via a bidirectional two- 
wire I2C bus. For programming, a module 
address, R/W bit (logic 0), an instruction byte 
and a data/control byte are written into Cl- 
TAC in the format shown in Figure 1. 


DATA/CONTROL BYTE 


msb 
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The module address bits MA1, MAO are used 
to give a 2-bit module address as a function 
of the voltage at port P20 as shown in 
Table 1. 


Acknowledge (A) is generated by CITAC only 
when a valid address is received and the 
device is not in the power-down reset mode 
(Voci > 8.5V (typical)). 


Tuning 
Tuning is controlled by the instruction and 
data/control bytes as shown in Figure 2. 


Frequency 

Frequency is set when Bit l7 of the instruction 
byte is set to logic 1; the remainder of this 
byte together with the data/control byte are 
loaded into the frequency buffer. The fre- 
quency to which the tuner oscillator is regulat- 
ed equals the decimal representation of the 
15-bit word multiplied by 50kHz. All frequency 
bits are set to logic 1 at reset. 


Tuning Hold 

The TUHN bits are used to decrease the 
maximum tuning current and, as a conse- 
quence, the minimum charge IT (at 
Af = 50kHz) into the tuning amplifier. 


Circuit 


Table 1. Valid Module Addresses 


TUHN1 


0 
0 
1 
1 


NOTE: 
1. Values after reset. 


TYP. Imax 
(uA) 


3.5! 
29 
110 
875 


{ 1 
8 
30 
250 


During tuning but before lock-in, the highest 
current value should be selected. After lock-in 
the current may be reduced to decrease the 
tuning voltage ripple. 


The lowest current value should not be used 
for tuning due to the input bias current of the 


INSTRUCTION BYTE 
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AFCT VTMIO 


VTMI1 COIB1 


0 0 0 


Figure 2. Tuning Control Format 
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TYP. ITwin 
(uA/ us) 


AFCR1 


COIBO 


Product Specification 


SAB3037 


Don't care 
GND 
Y2 Vcr 
Voc 


TYP. AVtunmin at Cint = 1uF 
(uV) 
{ 1 
8 
30 
250 


tuning voltage amplifier (maximum 5nA). 
However, it is good practice to program the 
lowest current value during tuner band 
switching. 


DATA/CONTROL BYTE 


AFCRO TUHN1 TUHNO TUW1 


AFCS1 AFCSO TUS2_ TUS! 


0 AFCP FDIVM TDIRD 


AF04670S 
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Table 3. Minimum Charge IT as a Function of TUS Af = 50kHz; Tuning Sensitivity 
TUHNO = Logic 1; TUHN1 = Logic 1 To be able to program an optimum loop gain, 


the charge IT can be programmed by chang- 


Tus2 Tus1 TUSO TYP. ITmin TYP. AVtuNnmin at Cint = 1uF ing T using tuning sensitivity (TUS). Table 3 
(mA/us) (mV) shows the minimum charge IT obtained by 
0.25" 0.251 programming the TUS bits at Af = 50kHz; 
1 1 Correction-In-Band 
2 2 This control is used to correct the loop gain of 
a the tuning system to reduce in-band varia- 
8 8 tions due to a non-linear voltage/frequency 
6 16 characteristic of the tuner. Correction-in-band 
NOTE: (COIB) controls the time T of the charge 


1. Values after reset. equation IT and takes into account the tuning 
voltage Vryun to give charge multiplying fac- 
tors as shown in Table 4. 

Table 4. Programming Correction-In-Band 


CHARGE MULTIPLYING FACTORS AT 
TYPICAL VALUES OF Vrun AT: 


COIBO 
listed in Table 5, it is possible for the system 


41 41 41 41 
1 1 1 2 
1 1 2 4 
1 2 4 8 
to be locked depending on the phase rela- 


Table 5. Tuning Window Programming sede between FDIV and the reference 
counter. 


TUW1 TUWo | LARL(KHz) TUNING WINDOW (kHz) ee 


0 0 0! When AFCT is set to logic 1 it will not be 
0 1 50 cleared and the AFC will remain on as long as 
1 0 150 |Aflis less than the value programmed for the 


NOTE: AFC hold range AFCR (see Table 6). It is 

4. Values. alter reset. possible for the AFC to remain on for values 
of up to 50kHz more than the programmed 
value depending on the phase relationship 

Table 6. AFC Hold Range Programming between FDIV and the reference counter. 


7 AFC HOLD RANGE (kH2) 


; : ie as 
1 0 750 1500 


NOTE: 
1. Values after reset. 


The transconductance multiplying factor of 
the AFC amplifier is similar when COIB is 
used, except for the lowest transconductance 
which is not affected. 


Tuning Window 

Digital tuning is interrupted and FLOCK is set 
to logic 1 (in-lock) when the absolute devia- 
tion [Afl between the tuner oscillator frequen- 
cy and the programmed frequency is smaller 
than the programmed TUW value (see Table 
5). If IAfl is up to 50kHz above the values 


— —=-— ©O OO 
-O-+- oO 


NOTE: 
1. Values after reset. 


Transconductance 

The transconductance (g) of the AFC amplifi- 
er is programmed via the AFC sensitivity bits 
AFCS as shown in Table 7. 


Table 7. Transconductance Programming 


| ArFcsi | AFCSo— | __TYP. TRANSCONDUCTANCE (uA/V) 


0 0 0.25! 
0 1 25 
1 ) 50 
1 1 100 


NOTE: 
1. Values after reset. 
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INSTRUCTION BYTE 


MODULE ADDRESS 


sx ¢ a oe om, 
44 6 
R/W 


AFC Polarity 

If a positive differential input voltage is ap- 
plied to the (switched-on) AFC amplifier, the 
tuning voltage Vtyn falls when the AFC 
polarity bit AFCP is at logic 0 (value after 
reset). At AFCP = logic 1, Vrun rises. 


Minimum Tuning Voltage 

Both minimum tuning voltage control bits, 
VTMI1 and VTMIO, are at logic 0 after reset. 
Further details are given in the DC Electrical 
Characteristics table. 


Frequency Measuring Window 

The frequency measuring window which is 
programmed must correspond with the divi- 
sion factor of the prescaler in use 
(see Table 8). 


Tuning Direction 
Both tuning direction bits, TDIRU (up) and 
TDIRD (down), are at logic O after reset. 


Control 
The instruction bytes POD (port output data) 
and DACX (digital-to-analog converter con- 
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Figure 3. Control Programming 


TUNING/RESET INFORMATION 


By, Be Bs B, B; Bz B, By 


MWN 

RESN 

FOV 

FL/ON 

FL/1N 
FLOCK 
FROM CITAC 


Figure 4. Information Byte Format 


SAB3037 


DATA/CONTROL BYTE 


AF04681S 


PORT INFORMATION 


FROM MASTER 
PI20 
Pi21 


FROM MASTER 
AF04710S 


Table 8. Frequency Measuring Window Programming 


NOTE: 
1. Values after reset. 


trol) are shown in Figure 5, together with the 
corresponding data/control bytes. Control is 
implemented as follows: 


P13, P12, P11, P10 — Band select outputs. If 
a logic 1 is programmed on any of the POD 
bits D3 to Do, the relevant output goes High. 
All outputs are Low after reset. 


P23, P22, P21, P20 — Open-collector |/O 
ports. If a logic 0 is programmed on any of the 
POD bits D7 to D4, the relevant output is 
forced LOW. All outputs are at logic 1 after 
reset (high impedance state). 


DACX — Digital-to-analog converters. The 
digital-to-analog converter selected corre- 
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PRESCALER DIVISION CYCLE PERIOD MEASURING WINDOW 
FACTOR (ms) (ms) 
256 6.4! 5.12! 
64 2.56 1.28 


sponds to the decimal equivalent of the 
DACX bits X1, XO. The output voltage of the 
selected DAC is set by programming the bits 
AX5 to AX0; the lowest output voltage is 
programmed with all data AX5 to AX0 at logic 
0, or after reset has been activated. 


Read 

Information is read from CITAC when the 
R/W bit is set to logic 1. An acknowledge 
must be generated by the master after each 
data byte to allow transmission to continue. If 
no acknowledge is generated by the master, 
the slave (CITAC) stops transmitting. The 
format of the information bytes is shown in 
Figure 4. 
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Tuning/Reset Information Bits 


FLOCK — Set to logic 1 when the tuning 
oscillator frequency is within the programmed 
tuning window. 


FL/1N — Set to logic 0 (Active-LOW) when 
FLOCK changes from 0 to 1 and is reset to 
logic 1 automatically after tuning information 
has been read. 


FL/ON — As for FL/1N but is set to logic 0 
when FLOCK changes from 1 to 0. 


FOV — Indicates frequency overflow. When 
the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is 
at logic 1, and when too low, FOV is at logic 
0. FOV is not valid when TDIRU and/or 
TDIRD are set to logic 1. 


RESN — Set to logic 0 (Active-LOW) by a 
programmed reset or a power-down-reset. It 
is reset to logic 1 automatically after tuning/ 
reset information has been read. 


MWN — MWN (frequency measuring window, 
Active-LOW) is at logic 1 for a period of 
1.28ms, during which time the results of 
frequency measurement are processed. This 
time is independent of the cycle period. 
During the remaining time, MWN is at logic 0 
and the received frequency is measured. 


When slightly different frequencies are pro- 
grammed repeatedly and AFC is switched on, 
the received frequency can be measured 
using FOV and FLOCK. To prevent the fre- 
quency counter and frequency buffer being 
loaded at the same time, frequency should be 
programmed only during the period of 
MWN = logic 0. 


Port Information Bits 


P23/1N, P22/1N — Set to logic 0 (Active- 
LOW) at a LOW-to-HIGH transition in the 
input voltage on P23 and P22, respectively. 
Both are reset to logic 1 after the port 
information has been read. 


P23/0N, P22/0N — As for P23/1N and P22/ 
1N but are set to logic 0 at a HIGH-to-LOW 
transition. 


P1I23, PI22, PI21, PI20 — Indicate input 
voltage levels at P23, P22, P21 and P20, 
respectively. A logic 1 indicates a HIGH input 
level. 


Reset 

The programming to reset all registers is 
shown in Figure 5. Reset is activated only at 
data byte HEX 06. Acknowledge is generated 
at every byte, provided that CITAC is not in 
the power-down reset mode. After the gener- 
al call address byte, transmission of more 
than one data byte is not allowed. 
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Figure 5. Reset Programming 


I2¢ BUS TIMING (Figure 6) 


I27C bus load conditions are as follows: 
4kQ pull-up resistor to +5V; 200pF capacitor to GND. 


All values are referred to Viy=3V and Vi, = 1.5V. 


SYMBOL PARAMETER 


Min 
[tour | Bus free before start | 
| tsutsta_| Start condition setup ime | 4 
| tuo. tsra_| Start condition hold time | 
[tow | SCL, SDA LOW period | 
4 

. _ 

a 

ke 


to: tour | Data ois time wt) Sid 1 | | 
tau cae | Aeknowiedge (fom OrTAG soup me |_| | 2 | mm 
ho: toxc | Aeknowiedge (rom Gr7AG) had me | 0 | |_| m= 
tau tsro | Stop eondion soup time | «| |i 
tau thon | Data etn me toa ———SS«d Si? 
to: thon | Data ois ime owe Sst || 
tau tc | Acknowledge (fom masta) sate one [1 | | | me 
ho. Acknowiedge (rom mast) hows ime | 2 | | | me 


NOTE: 
1. Timings tsu, tpat and typ, tpat deviate from the I@C bus specification. 
After reset has been activated, transmission may only be started after a 50us delay. 
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‘A FROM CITAC 


‘A FROM 
MASTER 


tsu> twac 


WF18771S 


Figure 6. I2C Bus Timing SAB3037 
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DESCRIPTION 


The TDA8400 provides closed-loop digi- 
tal tuning of TV receivers, with or without 
AFC, as required. It comprises a 1.1GHz 
prescaler, with the divide-by-64 ratio, 
which drives a tuning interface providing 
a tuning voltage of 33V (maximum) via 
an external output transistor. The 
TDA8400 can also drive external PNP 
transistors to provide 4 high-current out- 
puts for tuner band selection. 


The IC can be used in conjunction with a 
microcomputer from the MAB8400 fami- 
ly and is controlled via a two-wire, bi- 
directional I@C bus. 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin DIP (SOT - 102 HE, KE) 0 to 70°C TDA8400N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


Supply voltage: 


(Pin 10) 
(Pin 15) 


Vocs 
Vocp 


VN 
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Vn | tnpuv/ouput voltage each i) 
Operating ambient temperature range 


TDA8400 


FLL Tuning Circuit With 


Prescaler 


Product Specification 


FEATURES 


e Combined analog and digital 
circuitry minimizes the number of 
additional interfacing components 
required 


e Frequency measurement with 
resolution of 50kHz 


e On-chip prescaler 
e Tuning voltage amplifier 


e 4 high-current outputs for direct 
band selection 


e Tuning with control of speed 

e Tuning with or without AFC 

e@ Single-pin, 4MHz, on-chip 
oscillator 

e IC bus slave transceiver 


APPLICATIONS 

e TV receivers 

e Satellite receivers 
e CATV converters 


SYMBOL 


GND 
NOTES: 
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PIN CONFIGURATION 


N Package 


TOP VIEW 
CD11980S 
DESCRIPTION 
Input synthesizer (test)' 


High-current band-selection 
output ports 


Serial clock line } |2c bus 
Serial data line 

Tuning voltage amplifier output 
Tuning voltage amplifier inverting 
input 

+5V supply voltage (synthesizer) 
Crystal oscillator input 


AFC amplifier inputs 


Output from prescaler (test) 
+5V supply voltage (prescaler)* 


Inputs to prescaler 
Ground 


1. Connected to ground for application. 
2. Left open-circuit for application. 


853-1174 87583 
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BLOCK DIAGRAM 


4MHz VCO- 
= * 


11 OSC 


POWER-DOWN 
DETECTOR 


Cass) 


REFERENCE 
OSCILLATOR 


SDA © 


7 


BANOSWITCHES 
+12V 


REFERENCE 
COUNTER 


PORT 
CONTROL CIRCUIT 


12-BIT 
TUNING COUNTER 
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VCO+ 
O 


17 


PRESCALER 
364 


TDA8400 


Ce 


15-BIT 
FREQUENCY BUFFER 


FREQUENCY COUNTER 


Crov} Gtock) Cr] 


TUNING CONTROL CIRCUIT 


_ 


CHARGE 
PUMP TUNING 
VOLTAGE 
AMPLIFIER 


1 
AFC+ O AFC 
12 AMPLIFIER 


AFC- © 
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DC ELECTRICAL CHARACTERISTICS T, = 25°C; Vocs, Vocp at typical voltages, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER 


Supply voltage 
Vocs Synthesizer (Pin 10) 
Vocp Prescaler (Pin 15) 


Supply current 
Synthesizer (Pin 10) 
Prescaler (Pin 15) 


Ta | Operating ambient temperate ergo ——SsSSC=“‘“CSC*OCO#~#C*SCOWC‘“‘CSWOCTSCO 
Tera | Operating storage tomperaure range SSSSCSC~*wSC( TO YSSC*d;SC@s SCO 
IC bus inputs/outputs Inputs: SDA (Pin 7); SCL (Pin 6) 

vn | putwtage HGH SSC~=“*~*é*dSASCdSC“‘#’™#NWN PW SDS 
vn | mputvotagetowSSC~<“—~*~*~*~*~sStss«d| SCC 
rim | iputcwrentnwgH —SSC~=“~*~*~*~*—‘—‘“‘~*~*~sSC“‘(L. CY OCA 
Pu | mpteuentowSS™~—sSCCSSSSCSC~‘iYSC“(‘([ OT 
[| son cuiput in 7, opencotesn) —SSSSC~=“‘“*~*srSSC*C“‘“TWSOC#*dCTCNC“C(;*“LNSCCS 
vo. | Ouput votage tow atia=amaSSSC~YSC“‘(CSCL'C'T=COw# OC 
Fin | Output snkowrents = SSC~<“~*‘“s*s‘“RSSC“‘(’. CYT 8~C«*dSCOmA 
Tuning voltage amplifier Input Ti, output TUN (Pins 9, 8) 

rin | tutes went SSC~“~*~*~*~é~sSSSC‘“RSCSC“‘#SC CNW’ Sm 
=e | Output curent tow at Vew=ovSSC~=<“~rSCiSTSSSCdTSCdTSCrA 


Minimum charge IT to tuning amplifier 
TUHN = 0 
TUHN = 1 


Maximum current | into tuning amplifier 
TUHN = 0 
It4 TUHN = 1 


AFC amplifier (Inputs AFC+, AFC- Pins 13, 12) 


VbIF Differential input voltage 
Transconductance at AFCS = 1 


a QQ 
ae 
= 6 


ip cent 


Main band-selection output ports PO, P1, P2, P3 (Pins 5 to 2, open-collector) 


Output sink current 
LOW impedance 
HIGH impedance 
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Product Specification 


TDA8400 


DC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C; Vccs, Vccp at typical a sanne unless otherwise specified. 


SYMBOL PARAMETER 


Prescaler inputs (VCO+ Pin 16; VCO- Pin 17) 
Input differential voltage (RMS value) 


at f = 7O0MHz 
at f = 150MHz 
at f = 300MHz 
at f = 500MHz 
at f = 900MHz 
at f = 1.1GHz 


Vi(RMS) 
Vi(RMS) 
Vi(RMS) 
Vi(RMS) 
Vi(RMS) 
Vi(RMS) 


a ee 
UNIT 


a 


OSC input (Pin 11) 


Power-down reset 


Maximum supply voltage Voc; at which power-down reset is 
VPD active . 


Voltage level for valid module address 


Voltage level PO (Pin 5) for valid module address as a function 


of MA1, MAO 


MA1 MAO 


0 
0 
1 
1 


FUNCTIONAL DESCRIPTION 


Prescaler 

The integrated prescaler has a divide-by-64 
ratio with a maximum input frequency of 
1.1GHz. It will oscillate in the absence of an 
input signal within the frequency range of 
800MHz to 1.1GHz. 


Tuning 

This is performed using frequency-locked loop 
digital control. Data corresponding to the re- 
quired tuner frequency is stored in the 15-bit 
frequency buffer. The actual tuner frequency 
(1.1GHz maximum) is applied to the circuit on 
the two complementary inputs VCO+ and 
VCO- which drive the integrated prescaler. 
The resulting frequency (FDIV) is measured 
over a period controlled by a time reference 
counter and fed via a gate to a 15-bit frequen- 
cy counter where it is compared to the con- 
tents of the frequency buffer. The result of the 
comparison is used to control the tuning 
voltage so that the tuner frequency equals the 
contents of the frequency buffer multiplied by 
50kHz within a programmable tuning window 
(TUW). 


The system cycles over a period of 2.56ms, 
controlled by the time reference counter which 
is clocked by an on-chip 4MHz reference 
oscillator. Regulation of the tuning voltage is 
performed by a charge pump frequency- 
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locked loop system. The charge IT flowing into 
the tuning voltage amplifier (external capaci- 
tance Cyt = 0.5uF) is controlled by the tuning 
counter, 3-bit DAC, and the charge pump 
circuit. The charge IT is linear with the fre- 
quency deviation Af in steps of 50kHz. For 
loop gain control, the relationship AIT/Af is 
programmable. In the normal mode (control bit 


TUHN = logic 1; see Table 2) the minimum 
charge IT at Af=50kHz equals 125yuA-yus 
(typ.). 


By programming the tuning sensitivity bits 
(TUS; see Table 3) the charge IT can be 
doubled up to 6 times. From this, the maxi- 
mum charge IT at Af=50kHz equals 
26 x 125uA‘us (typ.). The maximum tuning 
current | is 440uA, while T is limited to the 
duration of the tuning cycle (2.56ms). 


In the tuning-hold mode (TUHN = logic 0) the 
tuning current | is reduced, and, as a conse- 
quence, the charge into the tuning amplifier is 
also reduced. An in-lock situation can be 
detected by reading FLOCK. The TDA8400 
can be programmed to tune in the digital mode 
or the AFC mode by setting AFCF. In the 
digital mode (AFCF = logic 0), the tuning win- 
dow is programmable through the TUW flag. 
When the tuner oscillator frequency is within 
the programmable tuning window (TUW), 
FLOCK is set to logic 1. 
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pin used as an output 


In the AFC mode, FLOCK will remain at logic 1 
provided the tuner frequency is within a 
+800kHz hold range. Switching from digital 
mode to AFC mode is determined by the 
microcontroller (AFCF flag). Switching from 
AFC mode to digital mode can be determined 
by the microcontroller, but if the frequency of 
the tuning oscillator does not remain within the 
hold range, the system automatically reverts 
to digital tuning. Switching back to the AFC 
mode will then have to be effected externally 
again. The tuning mode can be checked by 
reading the AFCT flag. 


The occurence of positive and negative transi- 
tions in the FLOCK signal can be read by FL/ 
1N and FL/ON. The AFC amplifier has pro- 
grammable transconductance to 2 predefined 
values. 


Control 

For tuner band selection there are four output 
ports, PO to P3, which are capable of driving 
external PNP transistors (open collector) as 
current sources. Output port PO can also be 
used as valid address input with an active 
level determined by module address bits MAO 
and MA1. 


Reset 

The TDA8400 goes into the power-down reset 
mode when Vcc is below 3V (typ.). In this 
mode ail registers are set to a defined state. 
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MODULE ADDRESS 


OPERATION 


Write 

The TDA8400 is controlled via a bidirectional 
two-wire |?C bus; additional information on the 
I?C bus is available on request. 


For programming, a module address, R/W bit 
(logic 0), an instruction byte, and a data/ 
control byte are written into the device in the 
format shown in Figure 1. 


The module address bits MA1, MAO are used to 
give a 2-bit module address as a function of the 
voltage at port input PO as shown in Table 1. 


Table 1. Valid Module Addresses 


Don't care 


GND 
Vo Vocs 
Voccs 


Acknowledge (A) is generated by the TDA8400 
only when a valid address is received and the 
device is not in the power-down reset mode. 


Tuning 
Tuning is controlled by the instruction and 
data/control bytes as shown in Figure 2. 


Frequency 

Frequency is set when Bit l7 of the instruction 
byte is set to logic 1; the remaining bits of this 
byte are processed as being data. Instruction 
bytes are fully decoded. All frequency bits are 
set to logic 1 and control bits to logic 0 at reset. 
The test instruction byte cannot be used for 
any other purpose. 
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INSTRUCTION BYTE 


TUW AFCS 


1 1 


Figure 2. Tuning Control Format 
Table 2. Tuning Current Control 
TYP. Imax TYP. [Twin 
TUHN 
0 18! 5! 
1 440 125 


NOTE: 
1. Values after reset. 


Tuning Hold 

The TUHN bit is used to decrease the maxi- 
mum tuning current (|) and, as a consequence, 
the minimum charge IT (at Af = 50kHz) into the 
tuning amplifier. 


Tuning Sensitivity 

To be able to program an optimum loop gain, 
the charge IT can be programmed by changing 
T using tuning sensitivity (TUS). Table 3 shows 
the minimum charge IT obtained by program- 
ming the TUS bits at Af =50kHz; TUHN = 
logic 1. 


Table 3. Minimum Charge IT as 
a Function of TUS 


NOTE: 
The minimum tuning pulse is 2us. 
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TDA8400 


DATA/CONTROL BYTE 


AF04661S 


DATA/CONTROL BYTE 


Ds 


AF04720S 


Tuning Mode 

AFCF determines whether the TDA8400 has to 
tune in the digital mode or the AFC mode as 
shown in Table 4. 


Table 4. Selection of Tuning 
Mode as a Function of 
AFCF 


0 Digital 
1 AFC 


If the tuner oscillator frequency comes out of 
the hold range when in the AFC mode, the 
device will automatically switch to digital tuning 
and AFCF is reset to logic 0. 


Tuning Window 

In the digital tuning mode TUW determines the 
tuning window (see Table 5) and the device is 
said to be in the "'in-lock'' situation. 


Table 5. Tuning Window 
Programming 


| TUW | TUNING WINDOW (kHz) 


rae a 
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Transconductance 

The transconductance (g) of the AFC amplifi- 
er is programmed via the AFC sensitivity bit 
AFCS as shown in Table 6. 


Table 6. Transconductance 
Programming 


TYP. TRANSCONDUCTANCE 
(uA/V) 


Band Selection Control Ports 
(PX) 

For band selection control, there are four 
output ports, PO to P3, which are capable of 
driving external PNP transistors (open collec- 


tor) as current sources. If a logic 1 is pro- 
grammed on any of the PX bits PO to P3, the 


MODULE ADDRESS 
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PNP transistor will conduct and the relevant 
output goes LOW. All outputs are HIGH after 
reset. 


Read 

Information is read from the TDA8400 when 
the R/W bit is set to logic 1. Only one 
information byte is sent from the device. No 
acknowledge is required from the master 
after transmitting. The format of the informa- 
tion byte is shown in Figure 3. 


Tuning/Reset Information Bits 


FLOCK — Set to logic 1 when the tuning 
oscillator frequency is within the programmed 
tuning window (TUW) in the digital tuning 
mode, or within the + 800kHz AFC hold range 
in the AFC mode. 


FL/1N — Set to logic 0 (Active-LOW) when 
FLOCK changes from 0 to 1 and is reset to 
logic 1 automatically after tuning information 
has been read. 


Figure 3. Information Byte Format 


4-91 


Product Specification 


TDA8400 


FL/ON — Same as for FL/1N but it is set to 
logic 0 when FLOCK changes from 1 to 0. 


FOV — Indicates frequency overflow. When 
the tuner oscillator frequency is too high with 
respect to the programmed frequency, FOV is 
at logic 1, and, when too low, FOV is at logic 
0. . 


RESN — Set to logic 0 (active Low) by a 
power-down reset. It is reset to logic 1 
automatically after tuning/reset information 
has been read. 


MWN — MWN (frequency measuring window, 
Active-LOW) is at logic 1 for a period of 
1.28ms, during which time the results of 
frequency measurement are processed. Dur- 
ing the remaining time, MWN is at logic 0 and 
the received frequency is measured. 


AFCT — AFCT (tuning mode flag) is set to 
logic 1 when the TDA8400 is in AFC mode 
and reset to logic 0 when in the digital mode. 


TUNING/RESET INFORMATION 
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DESCRIPTION 


This silicon monolithic integrated circuit 
is a prescaler in current-mode logic. It 
contains an amplifier, a divide-by-64 
scaler and an output stage. It has been 
designed to be driven by a sinusoidal 
signal from the local oscillator of a 
television tuner, with frequencies from 
70MHz up to 1GHz, for a supply voltage 
of 5V +10% and an ambient tempera- 
ture of 0 to 70°C. It features a high 
sensitivity and low harmonic contents of 
the output signal. 


ORDERING INFORMATION 


BLOCK DIAGRAM 


NOTE: 
Divide-by-64 = 6 binary dividers 
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DESCRIPTION TEMPERATURE RANGE ORDER CODE 
8-Pin Plastic DIP (SOT-97A) 0 to +70°C SAB1164N 
8-Pin Plastic DIP (SOT-97A) 0 to +70°C SAB1165N 


SAB1164/65 


4GHz Divide-by-64 Prescaler 


Product Specification 


FEATURES 
e 3mV (typ) sensitivity 
e Differential inputs 


e AC input coupling; internally 
based 


e Outputs edge-controlled for low 
RFI 


e Power consumption: 210mW (typ) 
e Mini-DIP package 
e Low output impedance (SAB1165) 


APPLICATIONS 


e PLL or FLL tuning systems, FM/ 
communications/TV 


e Frequency counters 
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PIN CONFIGURATION 


CD11880S 


BD07951S 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER 
Supply voltage (DC) 7 
| 
J 


Thermal resistance from crystal to 
ambient 


5 
120 


Oca 


DC ELECTRICAL CHARACTERISTICS Vee = 0V (ground); Voco = 5V; Ta = 25°C, unless otherwise specified. 


The circuit has been designed to meet the DC specifications as shown below, after thermal equilibrium has been established. The circuit is in a 


test socket or mounted on a printed-circuit board. 
LIMITS 


SYMBOL PARAMETER 
Output voltage 
VOH 
VoL 


HIGH level 


LOW level 
LIMITS 
SYMBOL PARAMETER 
min | typ | Max 


UNIT 
Vi(RMS) Input voltage RMS value (see Figure 2) 
input frequency 7OMHz 9 mV 
150MHz 4 mV 
300MHz 3 mV 
500MHz 3 mV 
900MHz 2 mV 
1GHz 3 mV 


Vi(RMS) Input overload voltage RMS value 
input frequency range 70OMHz up to 1GHz mV 
Ro SAB1164 1 kQ 
SAB1165 0.5 kQ 
Output rise time! 
tTLH f, = 1GHz 
Output fall time’ 
tTHL 25 
1. Between 10% and 90% of observed waveform. 
FUNCTIONAL DESCRIPTION 
64 scaler and an output stage. It has been 
designed to be driven by a sinusoidal signal 
frequencies from 7OMHz up to 1GHz, for a 
supply voltage of 5V + 10% and an ambient 


Output resistance 
Ro 
f; = 1GHz 
NOTE: 
The circuit contains an amplifier, a divide-by- 
from the local oscillator of a TV tuner, with 
temperature of 0 to + 70°C. 
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The inputs are differential and are internally 
biased to permit capacitive coupling. For 
asymmetrical drive the unused input should 
be connected to ground via a capacitor. 


The first divider stage will oscillate in the 
absence of an input signal; an input signal 
within the specified range will suppress this 
oscillation. 
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The output differential stage has two comple- 
mentary outputs. The output voltage edges 
are slowed down internally to reduce the 
harmonic contents of the signal. 


Wide, low-impedance ground connections 
and a short capacitive bypass from the Vcc 
pin to ground are recommended. 
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HYBRID JUNCTION 


VHF/UHF (-3dB) 
SINE WAVE 
GENERATOR + 


(-3dB) 


oo 


NOTES: 

Cables must be 502 coaxial. 

The capacitors are leadiess ceramic (multilayer capacitors) of 10nF. 

All connections to the device and to the meter must be kept short and of approximately equal lengths. 


Hybrid junction is ANZAC H-183-4 or similar. Figure 2. Typical Sensitivity Curve 


Under Nominal Conditions 


Figure 1. Test Circuit for Defining input Voltage 
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ey, 


COMPONENT (r/Zo) 
\ \__ 


Ko 


OP18760S 
N 


TE 
Vi(RMS) = 25mV; Voc = 5V; reference value = 502. 


Figure 3. Smith Chart of Typical Input Impedance 
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LD07510S 


NOTES: 

1. SAB1164: R1 =R2=1kQ; |=1mA 
2. SAB1165: R1 =R2=0.5kQ; |= 2mA 
3. Voc = 5V 


Figure 4. Input Stage Figure 5. Output Stage 


TO TUNING 


NOTE: 
TV tuning system. The output peak-to-peak voltage is about 1V. 


Figure 6. Circuit Diagram 
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DESCRIPTION FEATURES PIN CONFIGURATION 
This silicon monolithic integrated circuit @ 3mV (typ.) sensitivity 

is a prescaler in current-mode logic. It AC input coupling, internally 
contains an amplifier, a divide-by-256 biased 

scaler and an output stage. Ithas been Outputs edge-controlled for low 
designed to be driven by a sinusoidal RFI 

signal from the local oscillator of a 
television tuner, with frequencies from © 235mV typical power dissipation 
70MHz up to 1GHz, for a supply voltage ® Low output impedance* 1ki? 

of 5V+ 10% and an ambient temperature APPLICATIONS 

of 0 to 70°C. It features a high sensitivity 
and low harmonic contents of the output 
signal. 


N Package 


e PLL or FLL tuning systems, 
FM/communications/TV 


e Frequency counters 
ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
8-Pin Plastic DIP (SOT-97) 0 to 70°C SAB1256N 


ABSOLUTE MAXIMUM RATINGS 


[vos | Spr vine ©) 
OO 
Tera | storage tempore ange —=S* SCs tw 150 | -o 
Tt [wincion empeaure ———SSdSSCCdC 


Bon Thermal resistance from crystal to 120 °C/W 
ambient 


BLOCK DIAGRAM 


NOTE: 
Divide-by-256 = 8 binary dividers. 
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SAB1256 


DC ELECTRICAL CHARACTERISTICS Vee = 0V (ground); Vcc = 5V; Ta = 25°C, unless otherwise specified. The circuit has 
been designed to meet the DC specifications as shown below, after thermal 
equilibrium has been established. The circuit is in a test socket or mounted on a 


SYMBOL PARAMETER 
Output voltage 


printed-circuit board. 


AC ELECTRICAL CHARACTERISTICS Vee = 0V (ground); Voc = 5V+ 10%; Ta = 


Input frequency 7OMHz 
150MHz 


300MHz 
500MHz 
900MHz 

1GHz 


V\(RMS) 


NOTE: 


1. Between 10% and 90% of observed waveform. 


FUNCTIONAL DESCRIPTION 

The circuit contains an amplifier, a divide-by- 
256 scaler and an output stage. It has been 
designed to be driven by a sinusoidal signal 
from the local oscillator of a TV tuner, with 
frequencies from 7OMHz up to 1GHz, for a 
supply voltage of 5V +10% and an ambient 
temperature of 0 to 70°C. 


December 2, 1986 


SYMBOL PARAMETER 


Input voltage RMS value (see Figure 2) 


fm Perea | 
input frequency range 70MHz to 1GHz 

A 
es 
avo | Output unbalance 


t — rise time! 

bo f, = 1GHz 

t Output fall time 

Lie f, = 1GHz 40 


The inputs are differential and are internally 
biased to permit capacitive coupling. For 
asymmetrical drive the unused input should 
be connected to ground via a capacitor. 


The first divider stage will oscillate in the 
absence of an input signal; an input signal 
within the specified range will suppress this 
oscillation. 
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LIMITS 
| min | tye | Max 


UNIT 

Min | tye | Max 
9 mV 
4 mV 
3 mV 
3 mV 
2 ue 
3 


UNIT 


0°C to +70°C. 


LIMITS 


The output differential stage has two comple- 
mentary outputs. The output voltage edges 
are slowed down internally to reduce the 
harmonic contents of the signal. 


Wide, low-impedance ground connections 
and a short capacitive bypass from the Vcc 
pin to ground are recommended. 
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HYBRID JUNCTION 


VHF/UHF -3dB 
SINE WAVE : ) 
GENERATOR 


TC15390S 


NOTES: 

Cables must be 5022 coaxial. 

The capacitors are leadless ceramic (multi-layer capacitors) of 10nF. 

All connections to the device and to the meter must be kept short and of approximately equal lengths. 
Hybrid junction is ANZAC H-183-4 or similar. 


Figure 1. Test Circuit for Defining Input Voltage 


. 


V; crams) (mV) 


Figure 2. Typical Sensitivity Curve 
Under Nominal Conditions 
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12 

i 

13 

Le a 
+ 


2/ we 


— 
- 
— 


RESISTANCE COMPONENT (r/ZQ) 
’ \ J 


NOTE: 
Vrms) = 25mV; Vcc = 5V; reference value = 502 


Figure 3. Smith Chart of Typical Input Impedance 
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4GHz Divide-by-256 Prescaler SAB1256 


TO 
DIVIDERS 


DIFFERENTIAL 
INPUTS 


NOTE: 
Voc = 5V; |= 1mA. 


Figure 4. Input Stage Figure 5. Output Stage 


TO TUNING 
SYSTEM 
(TWISTED LEADS) 


TC15500S 


NOTE: 
Application in a television tuning system. The output peak-to-peak voltage is about 1V. 


Figure 6. Circuit Diagram 
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DESCRIPTION 

The TDA5030A performs the VHF mixer, 
VHF oscillator, SAW filter IF amplifier, 
and UHF IF amplifier functions in televi- 
sion tuners. 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin Plastic DIP (SOT-102A) - 25°C to +85°C TDA5030AN 


20-Pin Plastic SO DIP (SOT-163A) - 25°C to +85°C TDAS5030ATD 


BLOCK DIAGRAM 


18 
VHF 


LOCAL 
OSCILLATOR 


NOTE: 
Pinout is for 18-pin N package. 
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TDASO30A 


VHF Mixer/Oscillator Circuit 


Product Specification 


FEATURES 
e A balanced VHF mixer 


e An amplitude-controlled VHF 
local oscillator 


e A surface acoustic wave filter IF 
amplifier 


e A UHF IF preamplifier 


e A buffer stage for driving an 
external prescaler with the local 
oscillator signal 


e A voltage stabilizer 
@ A UHF/VHF switching circuit 


APPLICATIONS 
@ Mixer/oscillator 
e TV tuners 

e CATV 

e LAN 

e Demodulator 


BUFFERED 
OSCILLATOR 
OUTPUT 


SAW FILTER = 
IF AMPLIFIER 


4-102 


MIX/IF PREAMP rz 
(UHF) OUTPUT 

MIX/IF PREAMP 
UHF) OUTPUT 


VHF DECOUP 
VHF INPUT 


GND 


IF AMP 
DECOUP 

IF PREAMP 
INPUT 


NC 


MIX/IF PREAMP 
(UHF) OUTPUT 
MIX/IF PREAMP 
(UHF) OUTPUT 


IF AMP r; 
INPUT = 


IF AMP 
INPUT 


PIN CONFIGURATIONS 


N Package 


C012011S 
D Package 


20] OSC INPUT 


14] OSC OUTPUT 
73] SWITCH INPUT 
IF AMP 
12) OUTPUT 
IF AMP 
1) OUTPUT 


CD12021S 


853-1150 87202 
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UHF/VHF 
SWITCH 


BB909B 


<3 LOCAL OSCILLATOR OUTPUT 
470 
82pF SAW FILTER 
|" T 36 MHz 


1 2 7 
InF 1nF 1InF inF 


27pF 27 pF 
IT IT" 


VHF INPUT O 


IF INPUT 


TC22170S 


Figure 1. Test Circuit 


ABSOLUTE MAXIMUM RATINGS 


Tv | ost votage Pn wards) | ows |v 
we 


cee 
f-  [eeenmers [eT 
(Pin 10 and 11) 


By Thermal resistance from junction to +55 °C/W 
ambient 
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VHF Mixer/Oscillator Circuit | TDA5030A 


DC AND AC ELECTRICAL CHARACTERISTICS Measured in circuit of Figure 1; Voc = 12V; Ta = 25°C, unless otherwise 


specified. 


Pts 
_ a pwn [tye [mx | 


sey OSOCSC—CSSC“C“SsS“SsSsSSSSSSS 
Vos Siepvwotage—SC=“‘*“‘“‘SCSCS™C~*dS:SC©N SSS (“Ss we 
a a 
ve | Swierng vonage WF SSCSCSC=*~“‘“*~“‘~*~srSCSSC*dSC*C“‘“(! w= 
ve | Swietng vonage UF —SSCSCS~*~“~*~*~*~*~‘~sC | *d eco | 
The | Swiching rent uaF —SSSSCS~—SSSS*dYSS*dSC fm 


VHF mixer (including IF amplifier) 


ee re ee eee Ee 


Noise figure (Pin 2) 
50MHz 
225MHz 
300MHz 


Optimum source admittance (Pin 2) 
50MHz 
225MHz 
300MHz 


Input conductance (Pin 2) 
50MHz 
225MHz , 
300MHz 0.67 


Input capacitance (Pin 2) 
50MHz 

Input voltage for 1% cross-modulation il 
(in channel); Rp > 1kQ; tuned circuit 
with Cp = 22pF; fres = 36MHz 


[Veiw | put votage for TOK puling rv channed at<aoowre | 100 | —+| «dav 
TA | votege cain CtC*~‘“‘*dC:*;SCi SY | 
UHF preamplifier (including IF amplifier) 
a ___|mut conductance nm) SSSCSC~“—~“—*~*~*S*~é~sSC“~*é‘“*dCSCSdYYSC*‘“dCi 
To —*d*«Cnpteapactance Pn) ——SSSC~=“‘“*é*SC“‘*‘“!S O’#*dSOS*‘ CCS 
TNF id Nowe tge SS SCSC~=“~*~*~‘—‘“‘~*S*S*S*~SC‘“~*~‘“sSSSC*dS(C‘“ CSC 
V5-14 Input voltage for 1% cross-modulation (in channel) | a8 | 90) | | BC 
Tay | Vole an SS*~<“~*~‘~dCSSSCC || 
[Gs | Optimum source admivercs ——SSSC~=~“*~*é‘“SC‘C#*OS’«=*CYSSSC*diCms 
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VHF Mixer/Oscillator Circuit TDASO30A 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Measured in circuit of Figure 1; Voc = 12V; Ta = 25°C, 


unless otherwise specified. 


LIMITS 
a —_— pwn [tye [mex | 


veers | Conwenion vansainitancs——S~=“*‘“~*‘“‘*‘~s;SCS*~‘“dSCiSCdSCSSC*dSCi 
Z| Ovo mpecerce——SSSCSC=“~*~“~*~‘“‘~*~*S*é*sSC“*‘“rCS:~«*dSSCSC*dSC( 


VHF oscillator 


[ta | Frequency range ee ee 
Af Frequency shift 
AVcc = 10%; 70 to 330MHz 
Frequency drift 
AT = 15k; 70 to 330MHz 


SAW filter IF amplifier 


Input impedance 340+ j100 Q 
Z40, 11™ 2kQ, f = 36MHz 
kQ 


Z10, 11 Output impedance 50+ j40 Q 
Ze, 9 = 1.6kQ; f = 36MHz 


VHF local oscillator buffer stage 


Output voltage 
R_ = 75Q; f < 100MHz 
Ry. = 7522; f > 100MHz 


Output impedance 
f = 100MHz Q 
RF signal on LO output; Ry = 5022; V; = 1V; f <225MHz 
an ETI 
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DESCRIPTION 


The TDA5230 consists of three (VHF, 
Hyperband, UHF) mixer/oscillators, and 
an IF Amplifier Circuit for TV tuner or 
communication front end designs. The 
integration of these functions within one 
IC facilitates the construction of a com- 
plex tuner design with higher perfor- 
mance and fewer components than cir- 
Cuitry using discrete transistors. 


ORDERING INFORMATION 


TDAS230 


VHF, Hyperband, and UHF 
Mixer/Oscillator With IF Amp 


Preliminary Specification 


FEATURES PIN CONFIGURATION 


e Balanced mixer for VHF having a 
common emitter input 


e Amplitude-controlled oscillator for 
VHF 


e Balanced mixer for hyperband & VHF OSC F37 
UHF with common base input psc 
OSC IN 


e Balanced hyperband & UHF synenannn = 
oscillator OSC IN 

e Balanced mixer for UHF with 

common base sdsieel VHF O80 ra 
e SAW filter preamplifier with a ere ae 
‘ SC 

75Q output impedance (BASE IN) L2 


e Buffer stage for drive of a 
prescaler with the oscillator 
signal (VHF only) 

e Voltage stabilizer for oscillator 
stability 

e Band switch circuit 


APPLICATIONS 

e CATV 

e Communication receiver 
e TV tuners 

e Data communication 


D Package 


HYPERBAND 
HYPERBAND 
21) IN 


UHF OSC 
(COLLECT IN) 


116} MIXER OUT 


iF AMP OUT |12) 


CD13170S 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
24-Pin Plastic DIP (SOT-137) -25°C to +80°C TDA5230D 
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VHF, Hyperband, and UHF Mixer/Oscillator With IF Amp TDA5S230 


BLOCK DIAGRAM 
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296) Aueniqe 


80l-v 


NOTES: 


1. L6-—L7 is a matching transformer (n = L7/L6 = 6). Terminated with 502, it simulates the impedance of a saw-filter on Pins 11 - 12. 

2. Cm is the simulated maximum allowable input capacitance of the saw-filter, which is 18pF if the capacitance between the leads to Pins 11-12 is < 4pF. 

3. In the application Cm, L6 and L7 must be replaced by a saw-filter and an inductance across its input which tunes out the total capacitance between the pins if no IC has been connected. 
4. This circuit is mounted on the V-H-U p.b.c. number: 3373. 


Figure 1. Test Circuit for All Band VHF-UHF Mixer Oscillation IC TDA5230 


dwy Ji UM JOJDIIOSO/JEXI IHN PUD ‘PUDQIedAH ‘4HA 


Oe€csvdl 


SJONPOld 1OEUI] soeUBIS 


UOILOOWIOSdS AIOUIWI|Sld 


Signetics Linear Products Preliminary Specification 


VHF, Hyperband, and UHF Mixer/Oscillator With IF Amp TDA5230 


Component Values of Circuit in Figure 1 


R1 = 47kQ R6 = 1002 R11 = 1k2 
R2 = 182 R7 = 22kQ. R12 = 2.2kQ 
R3 = 4.7kQ R8 = 22kQ. R13 = 22kQ 
R4 = 1.2kQ RQ = 2.2kQR14 = 2.2kQ 
R5 = 47kQ R10 = 22kQR15 = 2.2k2 
R16 = 102 (SMD) 


Capacitors 


C1 =1yF-40V C11 =12pF (N750) C21 = 1nF C31 = 1nF 

C2 =1nF C12 = inF C22 = 1nF C32 = 1inF 

C3 =82pF (N750) C13 = 1.5pF (SMD) C23 = 15pF (N750) Cy = 18pF (N750) 
C4 =1nF C14 =1.5pF (SMD) C24 = 15pF (N750) 

C5 =1.8pF (N750) C15 = 1nF C25 = 1nF 

C6 =1.8pF (N750) C16 = 5.6pF (SMD) C26 = 1nF 

C7 =1nF C17 = 100pF (SMD) C27 = 1nF 

C8 =1nF C18 =1.5pF (SMD) C28 = 1nF 

C9 =1nF C19=1.5pF (SMD) C29 = 1nF 

C10 = 1nF C20 = 1nF C30 = 1nF 


Diodes and IC 


Di = BB909B D2 = BA482 D3 = BB909B D4 = BB405B IC = TDA5230 


L1=2.5t $3 L6 = 2t TOKO 7KN 

L2=6.5t $4 L7 = 10t Mat : 113kN 

L3 = 2.5t $2.5 L8 = 5uH 

L4=1.5t $2.5 L9 =2 X 6 t TOKO 7KN 

L5=1.5t $3 Mat : 113kN 

wire used: 0.4 for L;-—Ls and 0.1 for Le, L7, and Lg 
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Section 5 
Remote Control Systems 


INDEX 
SAF 1032P Remote Control ROCGIVET .........csccsccscusssecsscvscncccusswssenevsns 
SAF 1039P Fomote Control TransSiier siicccvsnckciansmavwanessasassacnsawecssase 
SAA3004 HAGE ThOP GIT wis inns ncn uch neinca daiwa inte anednieesieuma aeennann 
AN1731 Low Power Remote Control IR Transmitter and 
RRECOIVEr (SAAZOO4N) ce ais isis vic san civisvnee virone vei bin opin saeecwme ce ope evece ome 
SAA3006 SFSITERPGC, “TY SATUSETUON vise sss ts x vic cada sawitte baw nee awa teem eee mmm we somes 
SAA3027 Infrared Remote Control Transmitter (RC-5) ...................0005 
SAA3028 LRTFATGG, FAOCOIVG caivens ccasccncas vende ceuyeediansenies verve enum eeueasmeeas 
TDA3047 UPd ott aire nianvaiensokowasdaacie wind enc Meaataninesachekaiomnesanses 
TDA3048 [Pe PRGA ONTO! ssn siwaceancenenemieandecenmiaiescavertevamenmanasannceeesn 
AN172 Circuit Description of the Infrared Receiver 
WISE) TRONS cco nsess ini sncasan easier iaeberasaxineeresas 


AN173 TDA3047 and TDA3048: Low Power Preamplifiers 


for IR Remote Control Systems.................cccceeeeeeeeeeeeeaees 
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DESCRIPTION 


The SAF1032P (receiver/decoder) and 
the SAF1039P (transmitter) form the 
basic parts of a sophisticated remote 
control system (PCM: pulse code modu- 
lation) for infrared operation. 


Inputs and outputs are protected against 
electrostatic effects in a wide variety of 
device-handling situations. However, to 
be totally safe, it is desirable to take 
handling precautions into account. 
FEATURES 

SAF1032P Receiver/Decoder: 

e 16 program selection codes 


e Automatic preset to standby at 
power 'ON', including automatic 
analog base settings to 50% and 
automatic preset of program 
selection '1' code 


e 3 analog function controls, each 
with 63 steps 


e Single supply voltage 

e Protection against corrupt codes 
SAF1039P Transmitter: 

e 32 different control commands 
e Static keyboard matrix 


e Current drains from battery only 
during key closure time 


e Two transmission modes 
selectable 

APPLICATIONS 

eTv 

e Audio 

e Industrial equipment 
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SAF1032P/4039P 
R/C Receiver; R/C Transmitter 


Product Specification 


PIN CONFIGURATIONS 
SAF1032P N Package SAF1039P N Package 


TOP VIEW 


CD11260S 
TOP VIEW 


CD11270S 


SYMBOL DESCRIPTION . SYMBOL DESCRIPTION 


L30OT Linear ouput TRXO Keyboard input 

L2OT Linear output 2  TRX1 Keyboard input 

L1OT Linear output TRX2 Keyboard input 

BIND Binary 8 output TRX3 Keyboard input 

BINC Binary 4 output TRDT Data input 

BINB Binary 2 output TINH Inhibit output/mode select input 
BINA Binary 1 output TROS Oscillator output 
TVOT On/off input/output Vss 

Vss TRO1 Oscillator control input 
HOLD Control input TRO2 Oscillator control input 
DATA Data input TRSL Keyboard select line 
MAIN Reset input TRY3 Keyboard input 

OSCI Clock input TRY2 Keyboard input 

SELD Binary 8 output TRY1 Keyboard input 

SELC Binary 4 output TRYO Keyboard input 

SELB Binary 2 output Vop 

SELA Binary 1 output 

Vpp 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin Plastic DIP (SOT-102A) -40°C to +85°C SAF 1032PN 
16-Pin Plastic DIP (SOT-382Z) -40°C to +85°C SAF1039PN 
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R/C Receiver, R/C Transmitter SAF1032P/1039P 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Supply voltage range -0.5 to 11 


Power dissipation (per package) 


Operating ambient temperature -~40 to +85 
range 


Storage temperature range -65 to +150 


SYMBOL 


Vp | Recommended supply voltage 


Supply current 


10 25 A 
Operating; TRO1 at Vss: 
outputs unloaded; 
One keyboard switch closed 


TRO2; TINH? 
Input voltage HIGH 
Input voltage LOW 
Input current 


PARAMETER 


TRDT; TROS; TRO1 
Output current HIGH 
at Vou = Vpp -0.5V 
Output current LOW 
at Vo, = 0.4V 


TRDT output leakage 
current when disabled 
Vo =Vss to Vpp 


TINH 
Output current LOW 
VoL = 0.4V 


Oscillator 


Frequency variation with supply voltage, — to 10 0. a 
Temperature and spread of IC properties 
at fuom = 36kHz°? 
losc Oscillator current drain 
at fyom = 36kHz 
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R/C Receiver; R/C Transmitter SAF1032P/4039P 


DC ELECTRICAL CHARACTERISTICS T,=0 to + 85°C, unless otherwise Sa 


_ ae e ® ee — 


 Vpp | Recommended supply voltage Pr ae 


Supply current 


10 pA 
| too [ome dT ae 
Operating; Io = 0; 
at OSCI frequency of 100kHz eo | mw] | ft fm 


DATA; OSCI, HOLD; TVOT* 
Input voltage HIGH 8 to 10 All nant Vpp V 
Input voltage LOW 8 to 10 All 0.2Vpp 


MAIN; tripping levels 
Input voltage increasing 5 to 10 All 0.4Vpp 0.9Vpp 
Input voltage decreasing 5 a 10 = 0. — one 


107° 


Input signal rise and fall times 
(10% and 90% Vpp) 
all inputs except MAIN 


Outputs 


Program selection: BINA/B/C/D 
Auxiliary: SELA/B/C/D 
Analog: L3OT; L2OT; L10T TVOT* 
All open-drain n-channel 
output current LOW at Vo, =0.4V 
output leakage current at Vo = Vss to Vpp 


NOTES: 

1. The keyboard inputs (TRX, TRY, TRSL) are not voltage driven (see Application Information Diagram, Figure 5). 

If one key is depressed, the circuit generates the corresponding code. The number of keys depressed at a time, and this being recognized by the circuit as an illegal 
operation, depends on the supply voltage Vpp and the leakage current (between device and printed circuit board) externally applied to the keyboard inputs. 
If no leakage is assumed, the circuit recognizes an operation as illegal for any number of keys > 1 depressed at the same time with Vpp = 7V. At a leakage due to a 
1MQ resistor connected to each keyboard input and returned to either Vpp or Vss, the circuit recognizes at least 2 keys depressed at a time with Vpp = 7V. 
The highest permissible values of the contact series resistance of the keyboard switches is 5002. 

Inhibit output transistor disabled. 

Af is the width of the distribution curve at 20 points (o = standard deviation). 

4. Terminal TVOT is input for manual ON. When applying a LOW level TVOT becomes an output carrying a LOW level. 


oh 
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R/C Receiver; R/C Transmitter 


SAF1032P/4039P 


BLOCK DIAGRAM OF SAF1039P TRANSMITTER 


OPERATING PRINCIPLES 

The data to be transmitted are arranged as 
serial information with a fixed pattern (see 
Figure 1), in which the data bit locations Bo to 
B, represent the generated key command 
code. To cope with IR (infrared) interferences 
of other sources, a selective data transmis- 
sion is present. Each transmitted bit has a 
burst of 26 oscillator periods. 


Before any operation will be executed in the 
receiver/decoder chip, the transmitted data 
must be accepted twice in sequence. This 
means the start code must be recognized 
each time a data word is applied and compar- 
ison must be true between the data bits of 
two successively received data words. If both 
requirements are met, one group of binary 
output buffers will be loaded with a code 
defined by the stored data bits, and an 
internal operation can also take place (See 
operating code table). 


The contents of the 3 analog function regis- 
ters are available on the three outputs in a 
pulse code versus time modulation format 
after D-to-A (digital-to-analog) conversion. 
The proper analog levels can be obtained by 
using simple integrated networks. For local 
control a second transmitter chip (SAF 1039P) 
is used (see Figure 4). 


TIMING CONSIDERATIONS 

The transmitter and receiver operate at differ- 
ent oscillator frequencies. Due to the design 
neither frequency is very critical, but correla- 
tion between them must exist. Calculation of 
these timing requirements shows the follow- 


ing. 
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SAF1039P 


SCALER 


OSCILLATOR 


9 10 


TRO1 TRO2 TROS 


ST OF 26 
OSCILLATOR PERIODS 


KEY DOWN 


<—_—_—_—_———— START CODE 


DATA BITS 


ONE DATA WORD 
7 
32 x to = 32 x = ms(?) 
t 


NOTES: 
1. Tg =1 clock period = 128 oscillator periods. 
2. fr in kHz. 


WF18070S 


Figure 1. Pattern for Data to be Transmitted 


With a tolerance of +10% on the oscillator 
frequency (fr) of the transmitter, the receiver 
oscillator frequency (fg =3 X fr) must be 
kept constant with a tolerance of + 20%. 


On the other hand, the data pulse generated 
by the pulse stretcher circuit (at the receiver 
side) may vary + 25% in duration. 
GENERAL DESCRIPTION OF 


THE SAF1039P TRANSMITTER 


Any keyboard activity on the inputs TRX0 to 
TRX3, TRYO to TRY3 and TRSL will be 


5-6 


detected. For a legal key depression, one key 
down at a time (one TRX and TRY input 
activated), the oscillator starts running and a 
data word, as shown above, is generated and 
supplied to the output TRDT. If none, or more 
than 2 inputs are activated at the same time, 
the input detection logic of the chip will 
generate an overall reset and the oscillator 
stops running (no legal key operation). 


This means that for each key-bounce the 
logic will be reset, and by releasing a key the 
transmitted data are stopped at once. 


Signetics Linear Products 


R/C Receiver; R/C Transmitter 


The minimum key contact time required is the 
duration of two data words. The on-chip 
oscillator is frequency-controlled with the ex- 
ternal components R1 and C1 (see circuit 
Figure 3); the addition of resistor R2 means 
that the oscillator frequency is virtually inde- 
pendent of supply voltage variations. A com- 
plete data word is arranged as shown in 
Figure 1, and has a length of 32 X Toms, 
where To = 2”/fr. 


OPERATION MODE 


DATA FUNCTION OF TINH 


1 Unmodulated: LOCAL operation 
2 Modulated: REMOTE control 


GENERAL DESCRIPTION OF 
THE SAF1032P RECEIVER/ 
DECODER 


The logic circuitry of the receiver/decoder 
chip is divided into four main parts as shown 
in the Block Diagram. 


Part | 
This part decodes the applied DATA informa- 
tion into logic '1' and '0'. It also recognizes 


BLOCK DIAGRAM OF SAF1032P RECEIVER/DECODER 


BINARY OUTPUT 
FLAGS (BINF) 


BUFFER 
REGISTER 
(BFR) 


DATA SHIFT 
REGISTER 
(SRDT) 


START CODE 
DETECTION 
(CSTO) 


November 14, 1986 


BINARY SELECT 


R1 
FLAGS (SELF) mea 


REGISTER 
(LIN1) 


LINEAR 2 
REGISTER 
(LIN2) 


LINEAR 3 
REGISTER 
(LIN3) 


ANALOG 
DECODER 
(ANDEC) 


COMPARATOR 
COUNTER 
(COMP) 


COMPARATOR 
(KOM) 
‘0'/‘1’ DETECTOR 
TIMER COUNTER 
(CTIM) 


SAF1032P 


BIT COUNTER 
(BITC) 
IV 


Product Specification 


SAF1032P/4039P 


Output, external pull-up resistor to Vpp 
Input, connected to Vss 


the start code and compares the stored data 
bits with the new data bits accepted. 


Part Il 

This part stores the program selection code 
in the output group (BINF) and memorizes it 
for condition HOLD = LOW. 


It puts the functional code to output group 
(SELF) during data accept time, and decodes 
the internally-used analog commands (AN- 
DEC). 


DIGITAL TO 
ANALOG 
CONVERSION 
(D/A) 


DIGITAL TO 
ANALOG 
CONVERSION 
(D/A) 


DIGITAL TO 
ANALOG 
CONVERSION 
(D/A) 


BD07630S 
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R/C Receiver; R/C Transmitter 


Part Ill 

This part controls the analog function regis- 
ters (each 6 bits long), and connects the 
contents of the three registers to the analog 
outputs by means of D/A conversion. During 
sound mute, output L1OT will be forced to 
HIGH level. 


Part IV 

This part keeps track of correct power 'ON' 
operation, and puts chip in 'standby' condi- 
tion at supply voltage interruptions. 


The logic design is dynamic and synchronous 
with the clock frequency (OSCI), while the 
required control timing signals are derived 
from the bit counter (BITC). 


Operation 

Serial information applied to the DATA input 
will be translated into logic '1' and '0' by 
means of a time ratio detector. 


ANALOG 
UTPUT 


12) 
(50% CONTENTS) 


After recognizing the start code (CSTO) of 
the data word, the data bits will be loaded into 
the data shift register (SRDT). At the first 
trailing edge of the following data word, a 
comparison (KOM) takes place between the 
contents of SRDT and the buffer register 
(BFR). If SRDT equals BFR, the required 
operation will be executed under control of 
the comparator counter (COMP). 


As shown in the operating code table on the 
next page, the 4-bit wide binary output buffer 
(BINF) will be loaded for BFRO = '0'", while for 
BFRO ='1' the binary output buffer (SELF), 
also 4-bits wide, will be activated during the 
data accept time. 


At the same time operations involving the 
internal commands are executed. The con- 
tents of the analog function registers (each 6 
bits long) are controlled over 63 steps, with 
minimum and maximum detection, while the 
D/A conversion results in a pulsed output 


— -- 6 CLOCK PERIODS 


es 384 CLOCK PERIODS 


November 14, 1986 


Figure 2. Analog Output Pulses 
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SAF1032P/1039P 


signal with a conversion period of 384 clock 
periods (see Figure 2). 


First power ON will always put the chip in the 
standby position. This results in an internal 
clearing of all logic circuitry and a 50% 
presetting of the contents of the analog 
registers (analog base value). The program 
selection '1' code will also be prepared and 
all the outputs will be nonactive (see operat- 
ing output code table). 


From standby, the chip can be made opera- 
tional via a program selection command, 
generated LOCAL or via REMOTE, or directly 
by forcing the TV ON/OFF output (TVOT) to 
zero for at least 2 clock periods of the 
oscillator frequency. 


For POWER-ON RESET, a negative-going 
pulse should be applied to input MAIN, when 
Vpp is stabilized and pulse width 
LOW 2 100us. 


WF21150S 
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SAF1032P/4039P 


; R/C Transmitter 


R/C Receiver 


OPERATING CODE TABLE 


Select + ON 

Select + ON 

Analog base 

Reg. (LIN3) + 1 
Reg. (LIN2) + 1 
Reg. (LIN1) + 1 
Reg. (LIN3) - 1 
Reg. (LIN2)-1 
Reg. (LIN1)-1 
Mute (set/reset) 
: Spare functions 


Program 
Program 


SELF 
(SEL.) FUNCTION 


Py 
zz 
oo 

 § 

| 

” 

ao 

< 
re 

Eel = 

Lo a 

=O\ Fr 

< 

ao 

= 


BUFFER 


Oo 


KEY 
p 
Reset mute also on program select codes, (LIN1) +1, and analog base. 


OPERATING OUTPUT CODE 


NOTE: 


= 
2 
— 
To 
= 
oe) 
oO 
2 
fe} 
B ong 
~ 
o 
£ 
a 
O 


D 
e 
£ 
© 
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Standby OFF via remote 
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re) 
i} 

3° 
= 
Zz 
O 


D 
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R/C Receiver; R/C Transmitter SAF1032P/41039P 


Pg @Pi10 @P11@ Pi 


| 
pees : 
OO® we! | 


S: SATURATION 
B: BRIGHTNESS 
V: VOLUME 


Figure 3. Interconnection Diagram of Transmitter Circuit SAF1039P in a 
Remote Control System for a Television Receiver With 12 Programs 
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VOLUME 
(PIN 5: TBA750 


BC558 


BRIGHTNESS 
(PIN 11: TDA2560) 


SATURATION 
(PIN 16: TDA2560) 


TO PIN 9 OF TDA2581 


TO PIN 4 OF TDA2581 


100nF 


TC14020S 


SAF1032P/41039P 


Figure 5. Additional Circuits from Outputs L10OT(1), L2OT(2), L3OT(3) and TVOT(4) of the SAF1032P in Circuit of Figure 4 
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DESCRIPTION 


The SAA3004 transmitter IC is designed 
for infrared remote control systems. It 
has a total of 448 commands which are 
divided into 7 subsystem groups with 64 
commands each. The subsystem code 
may be selected by a press button, a 
slider switch or hard wired. 


The SAA3004 generates the pattern for 
driving the output stage. These patterns 
are pulse distance coded. The pulses 
are infrared flashes or modulated. The 
transmission mode is defined in conjunc- 
tion with the subsystem address. Modu- 
lated pulses allow receivers with narrow- 
band preamplifiers for improved noise 
rejection to be used. Flashed pulses 
require a wide-band preamplifier within 
the receiver. 


ORDERING INFORMATION 


ABSOLUTE MAXIMUM RATINGS 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
20-Pin Plastic DIP (SOT-146C1) -20°C to +70°C SAA3004PN 
20-Pin Plastic SOL (SOT-163AC3) -20°C to +70°C SAA3004TD 


ai [De caren ito ary nout or aust [0 «| ma 


-l(REMO)M | Peak REMO output current 
during 10us; duty factor = 1% 


SAA3004 
Infrared Transmitter 


Product Specification 


FEATURES 

e Flashed or modulated 
transmission 

e 7 subsystem addresses 

e Up to 64 commands per 
subsystem address 

e High-current remote output at 
Vpp = 6V (-Ion = 40mA) 

e Low number of additional 
components 

e Key release detection by toggle 
bits 

e Very low standby current 
(< 2uA) 

e Operational current < 2mA at 6V 
supply 

e Wide supply voltage range 
(4 to 11V) 

e Ceramic resonator controlled 
frequency (typ. 450kHz) 

e Encapsulation: 20-lead plastic DIP 
or 20-lead plastic mini-pack 
(SO-20) 


PIN CONFIGURATION 
N, D Packages 


CD12000S 
DESCRIPTION 


Remote data output 


SYMBOL 


REMO 
SEN6N 


Key matrix sense inputs 


Address mode control input 
Ground 
Oscillator input 


ill 
APPLICATIONS Oscillator output 
eTV 7 
e Audio Key matrix drive outputs 


Positive supply 


Prot Power dissipation per package 
for Ta =-20 to +70°C mW 
Storage temperature range -65 to +150 
Operating ambient temperature range -20 to +70 
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DC ELECTRICAL CHARACTERISTICS Vsg = 0V; Ta=25°C, unless otherwise specified. 


PARAMETER 
Supply voltage 
Ta =0 to +70°C 


Supply current; active 
fosc = 455kHz; 
REMO output unloaded 


SYMBOL UNIT 


Ipp 


Supply current; inactive 
(stand-by mode) 
Ta = 25°C 


fosc Oscillator frequency (ceramic resonator) 4 to 11 


Ipp 


x 
=a 
N 


\o] 0 


Keyboard matrix 


Inputs SENON to SEN6N ae in 
Input voltage LOW 4 to 11 a 
Input voltage HIGH 4 to 11 


Input current 
V, = OV 


0.2 X Vpp 


HA 
300 LA 


Input leakage current 
Vi = Vpp 


Outputs DRVON to DRV6N S| 


Output voltage ''ON"' 
lo = 0.1mMA 


lo = 1.0mMA 


VoL 


Output current ''OFF"' 
Vo =11V 


Control input ADRM 


Input voltage LOW 
Input voltage HIGH 


Input current 
(switched P-and N-channel pull-up/pull-down) 
Pull-up active 

standby voltage: OV 


> 


1e) 
= 


oOo = 


0.8 X Vpp 


ome 


100 
300 


100 
300 


liq Pull-down active 
standby voltage: Vpp 
Data output REMO 
VOH Output voltage HIGH 
a -lon = 40mA 
Output voltage LOW 
— lo. = 0.8mMA 
Oscillator 
Input current 
OSCI at Vpp 
Output voltage HIGH 
-lo. = 0.1mA Vpp - 0.6 
Output voltage LOW 
lon = 0.1MA 
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SENON 8 


SENIN 7 
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INPUTS AND OUTPUTS 


Key Matrix Inputs and Outputs 
(DRVON to DRV6N and SENON 
to SEN6N) 


The transmitter keyboard is arranged as a 
scanned matrix. The matrix consists of 7 
driver outputs and 7 sense inputs as shown in 
Figure 1. The driver outputs DRVON to 
DRVE6N are open-drain N-channel transistors 
and they are conductive in the stand-by 
mode. The 7 sense inputs (SENON to 
SENE6N) enable the generation of 56 com- 
mand codes. With 2 external diodes all 64 
commands are addressable. The sense in- 
puts have P-channel pull-up transistors, so 
that they are HIGH until they are pulled LOW 
by connecting them to an output via a key 
depression to initiate a code transmission. 


Address Mode Input (ADRM) 

The subsystem address and the transmission 
mode are defined by connecting the ADRM 
input to one or more driver outputs (DRVON 
to DRV6N) of the key matrix. If more than one 
driver is connected to ADRM, they must be 
decoupled by a diode. This allows the defini- 
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Figure 1. Transmitter With SAA3004 


tion of seven subsystem addresses as shown 
in Table 3. If driver DRV6N is connected to 
ADRM the data output format of REMO is 
modulated or if not connected, flashed. 


The ADRM input has switched pull-up and 
pull-down loads. In the stand-by mode only 
the pull-down device is active. Whether 
ADR\M is open (subsystem address 0, flashed 
mode) or connected to the driver outputs, this 
input is LOW and will not cause unwanted 
dissipation. When the transmitter becomes 
active by pressing a key, the pull-down device 
is switched off and the pull-up device is 
switched on, so that the applied driver signals 
are sensed for the decoding of the subsystem 
address and the mode of transmission. 


The arrangement of the subsystem address 
coding is such that only the driver DRVnN 
with the highest number (n) defines the sub- 
system address, e.g., if driver DRV2N and 
DRV4N are connected to ADRM, only 
DRVNAN will define the subsystem address. 
This option can be used in transmitters for 
more than one subsystem address. The 
transmitter may be hard-wired for subsystem 
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address 2 by connecting DRV1N to ADRM. If 
now DRV3N is added to ADRM by a key ora 
switch, the transmitted subsystem address 
changes to 4. 


A change of the subsystem address will not 
start a transmission. 


Remote Control Signal Output 


(REMO) 

The REMO signal output stage is a push-pull 
type. In the HIGH state a bipolar emitter- 
follower allows a high output current. The 
timing of the data output format is listed in 
Tables 1 and 2. 


The information is defined by the distance t, 
between the leading edges of the flashed 
pulses or the first edge of the modulated 
pulses (see Figure 3). 


The format of the output data is given in 
Figures 2 and 3. In the flashed transmission 
mode, the data word starts with two toggle 
bits, T1 and TO, followed by three bits for 
defining the subsystem address S2, S1 and 
SO, and six bits F, E, D, C, B and A, which are 
defined by the selected key. 
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In the modulated transmission mode the first 
toggle bit, T1, is replaced by a constant 
reference time bit (REF). This can be used as 
a reference time for the decoding sequence. 


The toggle bits function as an indication for 
the decoder that the next instruction has to 
be considered as a new command. 


The codes for the subsystem address and the 
selected key are given in Tables 3 and 4. 


Oscillator Input/Output (OSCI 
and OSCO) 


The external components must be connected 
to these pins when using an oscillator with a 
ceramic resonator. The oscillator frequency 
may vary between 400kHz and 500kHz as 
defined by the resonator. 


FUNCTIONAL DESCRIPTION 


Keyboard Operation 
In the standby mode all drivers (DRVON to 
DRVE6N) are on. Whenever a key is pressed, 


one or more of the sense inputs (SENnN) are 
tied to ground. This will start the power-up 
sequence. First the oscillator is activated and 
after the debounce time tpg (see Figure 4) the 
output drivers (DRVON to DRV6N) become 
active successively. 


Within the first scan cycle the transmission 
mode, the applied subsystem address and 
the selected command code are sensed and 
loaded into an internal data latch. In contra- 
diction to the command code the subsystem 
address is sensed only within the first scan 
cycle. If the applied subsystem address is 
changed while the command key is pressed, 
the transmitted subsystem address is not 
altered. 


In a multiple keystroke sequence (see Figure 
5), the command code is always altered in 
accordance with the sensed key. 


Multiple Keystroke Protection 
The keyboard is protected against multiple 
keystrokes. If more than one key is pressed 


SAA3004 


at the same time, the circuit will not generate 
a new output at REMO (see Figure 5). In case 
of a multiple keystroke the scan repetition 
rate is increased to detect the release of a 
key as soon as possible. 


There are two restrictions caused by the 

special structure of the keyboard matrix: 

@ The keys switching to ground (code 
numbers 7, 15, 23, 31, 39, 47, 55 and 
63) and the keys connected to SEN5N 
and SEN6N are not covered completely 
by the multiple key protection. If one 
sense input is switched to ground, 
further keys on the same sense line are 
ignored. 


@ SEN5N and SEN6N are not protected 
against multiple keystroke on the same 
driver line, because this condition has 
been used for the definition of 
additional codes (code numbers 56 to 
63). 


<i. = °° i © tw 
t t | 
a com} I 15T worD |x WORD 
REMO | | | | | | | | | ei i | 

L = 
er nr Rn 


To $2 $1 
1 0 1 


TOGGLE BITS 


ae 1 


toy ty tho 

“ Pe ae <r 
BITS: REF To $2 $1 
DATA: 1 1 0 1 


ed 
REFERENCE TOGGLE BIT 


NOTES: 


SUB-SYSTEM ADDRESS 


SUB-SYSTEM ADDRESS 


so F E D Cc B 
0 1 i) 0 1 0 


COMMAND 


tw 


[— 


eet 
Be ee ee ee ee 


COMMAND 


AF04380S 


18T worp| 2%° worp 


a. Flashed mode: transmission with 2 toggle bits and 3 address bits, followed by 6 command bits (pulses are flashed). 
b. Modulated mode: transmission with reference time, toggle bit and 3 address bits, followed by 6 command bits (pulses are modulated). 


Figure 2. Data Format of REMO Output; REF = Reference Time; TO and T1 = Toggle Bits; 
$0, S1 and S2=System Address; A, B, C, D, E, and F = Command Bits 
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NOTES: 
1. Flashed pulse. 
2. Modulated pulse (tpw = (5 X ty) + tun. 


L 


| 


WF17770S 


Output Sequence (Data Format) 
The output operation will start when the 
selected code is found. A burst of pulses, 
including the latched address and command 
codes, is generated at the output REMO as 
long as a key is pressed. The format of the 
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Figure 3. REMO Output Waveform 


Figure 4. Single Key-Stroke Sequence 


output pulse train is given in Figures 2 and 3. 
The operation is terminated by releasing the 
key or if more than one key is pressed at the 
same time. Once a sequence is started, the 
transmitted words will always be completed 
after the key is released. 
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The toggle bits TO and T1 are incremented if 
the key is released for a minimum time tre. 
(see Figure 4). The toggle bits remain un- 
changed within a multiple keystroke se- 
quence. 
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KEY A DECODED AS HIGH 


lI  soiiicecepuicceiies 


ts bt WORD KEY A WORD KEY A WORD KEY B 


iyt:¢;b£ntt0h0hhVthVhhohhV+HttHttba ||: ttttttttttttttttttthtttttttta 


WF17790S 


NOTES: 
1. Scan rate multiple key-stroke: ts =6 to 10 X to. 
2. For tpg, tst and tw see Figure 4. 


Figure 5. Multiple Key-Stroke Sequence 


Table 1. Pulse Train Timing Table 2. ty Train Separation 


=a a A 


Toggle bit time 


fosc 455kHz tosc = 2.2us 


tp 4 X tosc Flashed pulse width 

iv 12 X tosc Modulation period 

tM 8 X tosc Modulation period LOW 

tMH 4 X tosc Modulation period HIGH 

to 1152 X tosc Basic unit of pulse distance 
tw 55 296 X tosc Word distance 


Table 3. Transmission Mode and Subsystem Address Election 


SUBSYSTEM DRIVER DRVnN 
ADDRESS FOR n= 


Omarrcoos/|/OUMIiIONyern 


(o) = Connected to ADRM 
Blank =Not connected to ADRM 
Xx = Don't care 
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Table 4. Key Codes 
The subsystem address and the transmission 
MATRIX MATRIX MATRIX 


modes are defined by connecting the ADRM 
DRIVE SENSE /F —€ pi|Cc B A. POSITION input to one or more driver outputs (DRVON 
to DRV6N) of the key matrix. If more than one 


driver is connected to ADRM, they must be 
decoupled by a diode. 


oo Qo 0co0coo0co oO 
a a a a > ee > a > a @) 
—_— =-— OO =| = O OO 
-o-+-'O0O+0+-0 
NOof OM — © 


8 to 15 
16 to 23 
24 to 31 
32 to 39 
40 to 47 
48 to 55 


0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 


=" 
—s 


56 to 63 


NOTES: 

1. The complete matrix drive as shown above for SENON is also applicable for the matrix sense inputs 
SEN1N to SEN6N and the combined SEN5N/SENEN. 

2. The C, B and A codes are identical to SENON as given above. 
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SAA3004 

The SAA3004 is a new MOS transmitter IC for 
infrared remote control systems in which the 
received commands are decoded by a micro- 
computer. It can transmit up to 448 com- 
mands, divided into 7 subsystem groups of 64 
commands each and is therefore suitable for 
single or multi-system use. To allow remote 
control systems with a variety of ranges, 
noise immunities, and costs to be built, two 
operating modes are available: unmodulated 
(single pulse per bit) or modulated (burst of 6 
pulses per bit). The subsystem address and 
mode of operation may be selected by key- 
board contacts for multi-system use, or may 
be hard-wired for single system use. The 
output from the SAA3004 is Pulse Distance 
Modulated (PDM) for maximum power econo- 
my and the high level of output current 
available (40mA with a 6V supply) allows the 
IC to drive an IR LED via a very simple 
amplifier using a single external transistor. 


Compared with earlier IR transmitter ICs, the 
SAA3004 operates over a much wider supply 
voltage range (4V to 11V), consumes less 
current during operation (1mA typical with a 
6V supply), has a lower standby current 
(< 2uA), and requires a minimum number of 
external components. The low current con- 
sumption is largely due to the fairly low 
oscillator frequency (455kHz). 


Transmission Formats 
The formats of the two transmission modes 
are shown in Figure 1. 


At least one complete 11-bit word is generat- 
ed for each legal detected keystroke. The 
logic state of a bit is defined by the interval 
between consecutive output pulses or bursts, 
measured from leading edge to leading edge. 
The word is repeated as long as a key 
remains pressed. When a key is released, the 
transmission ceases as soon as the current 
word has been transmitted. 


In the unmodulated mode, only one pulse per 
bit is generated and passed to output pin 
REMO. For this mode, the IR preamplifier in 
the receiver can be a broadband type and 
therefore inexpensive. However, the interfer- 
ence immunity and range of the remote 
control will not be as high as that for a 
transmitter in the modulated mode in con- 
junction with a narrow-band IR receiver. 


In the modulated mode, each bit is transmit- 
ted as a burst of 6 pulses at a repetition rate 
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Application Note 


of about 38kHz. Since this frequency lies 
between the first and second harmonics of 
the TV line frequency, a narrow-band IR 
receiver tuned to 38kHz should be used in the 
equipment being controlled. Although such a 
receiver is more expensive than a broadband 
one, the remote control will be less sensitive 
to interference and will have a longer range. 
However, if these requirements are not strin- 
gent, a broadband receiver could also be 
used to receive transmissions in the modulat- 
ed mode. 


Remote control systems normally detect a 
command continuously from the moment it is 
received. To distinguish between multiple 
keystrokes and new commands, it is then 
necessary to detect the length of the trans- 
mitted data words. The disadvantage of this 
method is that a repeated command can be 
seen as a new one if the data stream is 
interrupted by an external influence. In the 
SAA3004, this problem is eliminated by incor- 
porating toggle bits in the data stream. The 
toggle bits change state after each key re- 
lease according to the truth table given in 
Table 1. The toggle bits therefore inform the 
remote control receiver that new data is 
arriving so that the microcomputer can easily 
distinguish between new data words and 
repeated ones. It can also count the number 
of identical commands if they are issued more 
than once in sequence. This is an important 
facility for selection of Teletext pages with 
repeated digits, resetting clock/calendars 
and programming VCRs. 


Figure 1a is a pulse diagram of the output 
signal from the SAA3004 in the unmodulated 
mode. The data word consists of 2 toggle bits 
(T1 and TO), 3 address bits (S2, S1, and SO) 
and 6 command bits (F, E, D, C, B, and A). 
Toggle Bit T1 provides additional protection 
against interference. If the second keystroke 
in a sequence of three is disturbed, the 
decoding part of the receiver will recognize 
the same data twice; the fact that T1 has 
changed state will indicate that a new com- 
mand is being transmitted. 


Figure 2 shows the timing of a single bit for 
each transmission mode. 


A complete message always consists of 12 
pulses, the timing of which is directly related 
to the oscillator period togc. The pulse timing 
data for fosc = 455kHz is as follows. 
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Oscillator period tosc = 2.2us 


Pulse width Voc = tmH = 4tosc = 8.8us 
pony cone tut = 8tosc = 17.6us 
gens pulse burst ee 
sere ie ied er ee 


Interval between pulses to = 1152togc = 2.53ms 


Data word repetition tw = 48Tp = 121ms 


period 

Logic 0 pulse or burst tao = 2Tp = 5.06ms 
spacing 

Logic 1 pulse or burst tay = 3To = 7.6ms 
spacing 


The data word format and timing shown in 
Figure 1b for the modulated mode of transmis- 
sion is the same as that previously described 
for the unmodulated mode. In this case, how- 
ever, each bit consists of a 141s burst of 6 
pulses, and toggle bit T1 is replaced by a 
reference pulse with a permanent logic 1, the 
timing of which is (ter = tg; = 7.6ms). This 
allows a lower stability oscillator to be used in 
the transmitter because tper can be used as a 
reference for decoding in the equipment being 
controlled. 


Functional Description of the 
SAA3004 


A detailed functional block diagram of the 
SAA3004 is given in Figure 3 and the key 
sequencing diagram is given in Figure 4, 
which shows that, during standby, all the drive 
outputs are LOW. When a keystroke is de- 
tected (one or more sense inputs LOW) by 
the sense detector, the sequence control 
block enables the oscillator which starts to 
generate clock pulses. The oscillator incre- 
ments the scan counter which, after debounc- 
ing time (tpg > 4To) has elapsed, sequentially 
activates the drive outputs at intervals of 
tosc/72 (158us for fosc = 455kHz). See Fig- 
ure 5. 


The activated key position is stored in the 
data memory together with the subsystem 
address (determined by which of the drive 
outputs 1 - 5 is connected to ADRM) and the 
output mode (whether or not drive output 6 is 
connected to ADRM). However, unlike the 
command code, the subsystem address is 
only sensed during the first scan cycle and 
does not cause any output when it is 
changed. The stored data, together with the 
toggle bits, are applied to the data multiplex- 
er, the serial output from which is converted 
into the correct pulse distances by the modu- 
lation counter. The pulses are then fed to 
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a. Unmodulated Transmission Mode 
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b. Modulated Transmission Mode 
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Figure 1. Transmission Format at Output REMO 
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b. Modulated Transmission Mode 


Figure 2. Timing of a Single Bit at Output REMO 


output REMO via the output modulator. After 
a key is released, the oscillator stops and the 
circuits return to the standby state to con- 
serve battery power as soon as the output 
sequence is completed. 


The SAA3004 has built-in protection against 
multiple keystrokes (two or more keys 
pressed at a time). In this event, the IC reacts 
as shown in Figure 6. At the end of any 
current output sequence, output REMO be- 
comes inactive, and the keyboard scanning 
interval tw = 121ms is reduced to tsyy (about 
20ms). This ensures that a key release is 
detected as soon as possible. Also, the 
toggle bits remain unchanged during multiple 
keystrokes. 
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Table 1. Sequence of Toggle Bits 
KEY SEQUENCE TO 


A Practical IR Transmitter 
An example of a complete IR remote control 
transmitter is given in Figure 7. 
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Forty-nine of the keys (7 <X 7 matrix) are 
connected directly between driver lines 
DRVON to DRVE6N and sense lines SENON to 
SEN6N. Expanding the keyboard for 64 com- 
mands is done in three steps. First, seven 
keys are added to switch each of the sense 
lines to ground. Next, seven keys are added 
to switch each of the drive lines to SEN5N 
and SEN6N via diodes D; and Do. The final 
key is added to switch sense lines SEN5N 
and SEN6N to ground via diodes D,; and Do. 


In standby, the drive lines are LOW and the 
sense lines are HIGH. A scan cycle starts as 
soon as one of the sense inputs is forced 
LOW by a keystroke. If the keystroke is 
detected as being legal (only one key 
pressed), the appropriate command is de- 
coded according to the scheme in Table 2, 
and the correct data word is fed to output 
REMO. Bits ABC in Table 2 indicate which of 
the seven driver outputs is activated and bits 
DEF indicate which of the seven sense inputs 
has detected a LOW level. 


Address mode input ADRM selects the sub- 
system address and determines the transmis- 
sion mode (modulated or unmodulated). The 
subsystem address and mode of operation 
depend on which of the seven drive lines is 
connected to ADRM as shown in Table 3. 
The address is selected either by closing an 
address switch to connect a drive output to 
input ADRM before pressing a command key, 
or by installing a permanent link between one 
of the drive outputs and input ADRM. With no 
address selected, the basic address (address 
bits S2, S1, and SO all equal 1) is automatical- 
ly generated. 


Mode selection is made via a link between 
drive line DRV6N and input ADRM. The 
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Figure 3. Block Diagram of Remote Control Transmitter SAA3004 


toot 


jt | 


NEW WORD 


To = 1152tosc, debounce time tpg = 4 to 9 X to, start time ts =5 to 10 X to, minimum release time tre, = to. 


transmission is modulated with the link fitted 
or unmodulated without it. 


Capacitors C; and Co associated with the 
oscillator must be chosen with regard to low 
current consumption and quick starting over 
the whole supply voltage range. 
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Figure 4. Single Keystroke Sequence 


The output stage of the SAA3004 shown in 
Figure 8 provides a current output of up to 
40mA with a 6V supply, sufficient to drive a 
very simple single transistor amplifier to pro- 
vide current for an infrared LED. When the 
output stage is driven by a HIGH level, the 
NPN transistor conducts and pulls output pin 
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REMO HIGH (3V min. with a 6V supply). 
When the output stage is driven by a LOW 
level, the NPN transistor is turned off and the 
n-channel output FET conducts and pulls 
output pin REMO LOW (200mV maximum 
with a 6V supply). In this state, the output 
stage can sink a typical current of 300A. 


Application Note 
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Figure 5. Timing at Outputs DRVON to DRV6N 


Table 2. Key Codes 
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KEY A DECODED AS HIGH 


q KEY A DECODED AS LOW 


WORD KEY B 


Er«;}7qdMMRU)3j@—C—AMMMMAMAAECEEEEEEEEEZEEECKKKZEE:AEEEEEEEEEEE 


NOTE: 


to = 1152tosc, debounce time tpg = 4 to 9 X to, scan rate tsy=6 to 10 X to. 


Figure 6. Multiple Keystroke Sequence 


Table 3. Transmission Mode and Subsystem Address Selection 


OUTPUT FORMAT SUBSYSTEM ADDRESS DRIVE OUTPUT DRVnN n= 
No. S2 Si SO 0 1 2 3 4 5 6 


unmodulated 


modulated 


NOTES: 
X Connected to ADRM. 


1 


- Allowed connection to ADRM without any influence on the subsystem address. 


Power Consumption 
Considerations 

The intensity of IR radiation le, and therefore 
the transmitter range, is proportional to the 
LED forward current Ir. The peak value of Ir 
in the circuit of Figure 7 is determined by the 
value of emitter resistor Re and is given by: 


l- = (Vrer - Vee)/Re_. 


However, since the output is pulsed, the 
battery life is mainly determined by the aver- 
age value of the forward current. This aver- 


February 1987 


age LED current is the peak current multiplied 
by the duty factor of the output signal. The 
duty factor is the ratio of the total HIGH time 
of a data word (12 pulses each of width 
Tp = 8.8us) to the data word repetition period 
(tw = 121ms). 


In the unmodulated mode, the average LED 
current is: 


lFay = IF(12tp/tw) = 8.7le X 107%, 
In the modulated mode, each pulse is a burst 


of six 8.8us pulses. The total HIGH time of a 
5-24 


WF17790S 


data word is therefore six times that for the 
unmodulated mode so that the duty factor is 
multiplied by six. 


In the modulated mode, the average LED 
current is therefore: 


lFay = 52le X 1074. 


At first glance, the higher required average 
current for the modulated mode makes it 
appear unattractive because of increased 
battery drain. However, if a narrow-band re- 
ceiver is used with a modulated transmitter, 
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TC12731S 


Figure 7. A Complete Remote Control Infrared Transmitter Using SAA3004 


TC12740S 


Figure 8. Output Stage of the SAA3004 


this will not be the case because the reso- 
nance peak of the tuned circuit at the input 
makes a narrow-band receiver more sensitive 
to infrared radiation and less sensitive to 
interference than a broadband receiver. For a 
given remote control range, then, the required 
forward current for the transmitter LED is less 
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than that required for an LED in an unmodu- 
lated transmitter used with a broadband re- 
ceiver. This is confirmed by the range mea- 
surement results given at the end of this 
publication. 
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The total current drain from the battery when 
the transmitter is in use is the sum Of IFay, the 
very small leakage current of the battery 
buffer electrolytic capacitor C3, and the cur- 
rent drain of the SAA3004 (typically 1mA with 
a 6V supply or 3mA with a 9V supply). During 
standby, the maximum current drain of the 
SAA3004 is 2uA, regardless of the supply 
voltage. 


INFRARED RECEIVER 
PREAMPLIFIERS 


TDA3047 AND TDA3048 

The TDA3047 and TDA3048 are bipolar pre- 
amplifier |Cs for infrared remote control re- 
ceivers. The ICs differ only in the polarity of 
the output signal; the TDA3047 is active 
HIGH and the TDA3048 is active LOW. This 
choice of polarity allows the preamplifier IC to 
be selected to suit the microprocessor in the 
system being controlled. For example, if an 
8048 microprocessor is used on interrupt 
level (active-LOW input INT), the TDA3048 is 
the correct choice. Power consumption of the 
ICs is only 10mW from a 5V supply, which is 
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considerably less than that of earlier pream- 
plifier ICs. Operation from a 5V supply means 
that the preamplifiers can use the same 
supply as the microprocessor in the equip- 
ment being controlled. 


Both ICs are excellent for use in narrow-band 
IR receivers which are necessary to achieve 
high noise immunity and long range for the 
reception of a modulated data stream. The 
ICs can also be used in inexpensive broad- 
band IR receivers for the reception of unmod- 
ulated data or modulated data if noise immu- 
nity and long range are not of major impor- 
tance. 


The 66dB AGC range of the ICs ensures 
stable amplification of a wide range of signal 
levels, thus allowing remote-control systems 
to operate over a wide range of transmitter- 
to-receiver distances. 


The ICs in a Narrow-Band IR 
Receiver 

The functional block diagram of the 
TDA3047/48 in a narrow-band IR receiver is 
shown in Figure 9. Figure 10 shows some of 
the internal circuitry connected to the IC pins. 


The input signal from the photodiode is cou- 
pled to input Pins 2 and 15 via a 38kHz 


parallel tuned circuit with a Q of about 10 
giving a bandwidth of about 3kHz. This con- 
siderably improves selectivity and attenuates 
continuous IR interference caused, for exam- 
ple, by sunlight. The low resistance of L, 
(1252) ensures that the photodiode never 
saturates. The tapping point for the coil (3:1) 
is chosen to match the input resistance of the 
IC (16kQ) and is optimum for low-level sig- 
nals (Q-killer inactive) so that the operating 
range of the remote-control system remains 
almost independent of component value 
spreads or frequency tolerance in either the 
transmitter or the receiver. 


Alternatively, L; could be capacitively tapped 
as shown in Figure 11. The total capacitance 
of Ci, and C1, must be that required to tune 
the circuit to 38KHz (470pF with a 40mH coil). 
The ratio Cyg/Cip must be 3:1. Values of 
2.2nF for C1, and 560pF for Ci, meet these 
requirements and give about the same Q as 
the input tuned circuit given in Figure 9. 


The signal from the tuned circuit is capacitive- 
ly-coupled to Pins 2 and 15 of the IC and is 
then amplified by an internal two-stage gain- 
controlled differential amplifier. The first stage 
of the differential amplifier has a maximum 
gain of 56dB, and the second stage has a 


AMPLITUDE 
LIMITER 


NOTE: 


Capacitor Cs should be kept well clear of the input pins. 


DIFFERENTIAL 
PREAMPLIFIER 


REFERENCE 
AMPLIFIER 


SYNCHRONOUS 
DEMODULATOR 


maximum gain of 26dB, giving overall gain of 
more than 80dB. Feedback capacitors C4 and 
Cs stabilize the first and second stage, re- 
spectively. Together, they set the lower fre- 
quency limit of the circuit, C, having the most 
effect because the first stage has the higher 
gain. The values of both capacitors should be 
chosen such that IR interference is sup- 
pressed, bearing in mind that incandescent 
lamps radiate IR at multiples of 100Hz. The 
upper frequency limit of the amplifier is set by 
internal capacitance and is above 1MHz. 


The amplified signal is fed to a synchronous 
demodulator and a reference amplifier that 
limits high amplitude input signals. The 2.7mH 
coil in the 38kHz demodulator tuned circuit 
has a Q of about 7 in conjunction with the 
resistance between Pins 7 and 10 (6k). 


After multiplication of the input and reference 
signals, the demodulated signal is fed to a 
pulse shaper and an AGC circuit. A Q-killer in 
the AGC loop damps the Q of the input tuned 
circuit for high level inputs so that the circuit 
can handle large variations of signal ampli- 
tude. An absolute maximum input level of 
about 600mV is set by the limiter at Pin 1. The 
AGC acquisition time and the time constant of 
the pulse shaper are determined by C7 at Pin 


PULSE 
SHAPER 


OUTPUT - 
— OUTPUT 


16 


ca 11 
2.2nF A. 


TC12751S 


Figure 9. TDA3047/3048 in a Narrow-Band IR Receiver 
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12 and Cg at Pin 11, respectively. The time 
constant at Pin 12 is equal to the duration of 
one data bit. The time constant at Pin 11 sets 
the delay between the pulse shaper and the 
output stage. The value of Cg must be low 
enough to ensure that, with a charging time of 
one pulse width (8.8us from the SAA3004 
transmitter), the threshold of the pulse shaper 
(about 4V) can be exceeded. If the value of 
Cg is too low, however, short duration interfer- 
ence pulses can easily trigger the pulse 
shaper. The value of Cg is therefore a com- 
promise between the receiver sensitivity and 
immunity to interference. 


The ICs in a Broadband IR 


Receiver 

The TDA3047 and TDA3048 are shown in a 
broadband IR receiver circuit in Figure 12. 
This circuit is similar to the previously de- 
scribed narrow-band receiver except that the 
Q-Killer and amplitude limiter are not neces- 
sary. (Pins 1, 3, 14 are not used.) Also, the IR 
photodiode is simply connected between two 


12kQ. load resistors and connected to the IC 
inputs via 10nF capacitors instead of via a 
tuned circuit. 


CONTROL SYSTEM RANGE 
MEASUREMENTS 


Measurements have been made with both IR 
receivers in conjunction with an IR transmitter 
based on the SAA3004 to determine the 
operating range. 


As previously explained, when the SAA3004 
transmitter in the unmodulated mode drives a 
single infrared LED with a constant peak 
forward current Ir of 2A, the average current, 
which is proportional to the infrared radiation, 
is: 


lcav = 8.7lp X 1074 = 1.7mA. 


Figure 10. Internal Connectors to Pins of the TDA3047/3048 
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Under these conditions, the range of the 
remote-control was 11m with a narrow-band 
receiver and 12m with a broadband receiver. 


Under the same conditions in the modulated 
mode, the average current is: 


lFay = 52l— X 10-4 = 10.4mA. 


Under these conditions, the range of the 
remote-control was 25m with a narrow-band 
receiver and 16m with a broadband receiver. 


To allow direct comparison between the two 
transmission modes, the average LED current 
for the modulated mode was reduced to 
1.7mA. Under these conditions, the range of 
the remote-control was 11m with a narrow- 
band receiver and 8m with a broadband 
receiver. 


Originally published as Technical Publication 167, 
March 22, 1985, The Netherlands. 


5 


Signetics Linear Products Application Note 


Low-Power Remote Control IR Transmitter and Receiver AN41734 


TC12760S 


Figure 11. Alternative Input Coupling for a Narrow-Band IR Receiver 
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Figure 12. TDA3047/3048 in a Broadband IR Receiver 
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FEATURES 

e Low supply voltage requirements 
e Very low current consumption 

e For infrared transmission link 

e Transmitter for 32 < 64 


DESCRIPTION 


The SAA3006 is intended as a general 
purpose (RC-5) infrared remote control 
system for use where only low supply 
voltages are available. The device can 
generate 2048 different commands and 


utilizes a keyboard with a single-pole Commands 
switch per key. The commands are ar- ° One transmitter controls 32 
systems 


ranged so that 32 systems can be ad- 
dressed, each system containing 64 dif- 
ferent commands. 


e Transmission biphase technique 


e Short transmission times; speed- 
up of system reaction time 


e@ Single-pin oscillator input 
e Input protection 
e Test mode facility 


The circuit response to legal (one key 
pressed at a time) and illegal (more than 
one key pressed at a time) keyboard 
operation is specified later in this publi- 
cation (see KEY ACTIVITIES). 


APPLICATIONS 


e Audio 


eTv 
ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
28-Pin Plastic DIP (SOT-117) -25°C to +85°C SAA3006PN 


ABSOLUTE MAXIMUM RATINGS 
SYMBOL PARAMETER RATING UNIT 
Supply voltage range with respect to Vss -0.5 to +8.5 

-0.5 to { 
Input voltage range (Vpp + 0.5) 
-0.5 to 
Output voltage range (Vpp + 0.5) 
P#lo | Output curent | tO 


1 
Output current mA 


Po | Power dissipation output OSC a re 


Power dissipation per output 400 mW 
(all other outputs) 


-25 to +85 


Operating ambient temperature range 
Storage temperature range -65 to +150 


NOTE: 
1. Vpp+0.5V not to exceed 9V. 
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PIN CONFIGURATION 


PIN 
NO. 


1 X7 
21 X0 
22 Xi 
23. X2 
24 X3 
25 X4 
26 X5 
27 X6 

2 SSM 

3 20 

4 21 

5 22 

6 23 

7 MDATA 

8 DATA 

9 DR7 
10 DR6 
11. DRS 
12 DR4 
13 DR3 
15 DR2 
16 DRI 
17. DRO 
14. Vss 
18 OSC 
19 TP2 
20 TP1 
28 Vpp 


SYMBOL 


N Package 


TOP VIEW 


CD12050S 


DESCRIPTION 


Keyboard command inputs with 
P-channel pull-up transistors 


System mode selection input 


Keyboard system inputs with 
P-channel pull-up transistors 


Remote signal outputs 
(3-state outputs) 


Scan driver outputs with open- 
drain N-channel transistors 


Negative supply (ground) 
Oscillator input 

Test input/output 

Test input 

Positive supply 


853-1029 86699 
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DC ELECTRICAL CHARACTERISTICS Vss = 0V; T =-25 to 85°C, unless otherwise specified. 


LIMITS 


| Supply voltage ssid voltage 


Supply current 
at lo = OmA for all outputs; 
XO to X7 and Z3 at Vpp; 
all other inputs at Vpp or Vss; 
excluding leakage current from open- 
drain N-channel outputs 


Keyboard inputs X and Z with P-channel pull-up transistors 


a current (each input) at 
= 0V; TP = SSM = LOW 2 ca 7 
—t Input voltage HIGH | 2to7 ~~ | 0.7 X Vpn | 


Input leakage current at Ta = 25°C; 
TP = HIGH; 
Vi=7V 
V; = OV 


SSM, TP1 and TP2 


Input leakage current at Ta = 25°C; 
7V 
= 0V 


Input leakage current at T, = 25°C; 
V, =0V; TP1 =HIGH; Z2 = Z3 = LOW 


Outputs DATA and MDATA 


Output leakage current at: 
Vo=7V 
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DC ELECTRICAL CHARACTERISTICS (Continued) Vss = 0V; T = -25 to 85°C, unless otherwise eae 


PTs 
_ — win [tye Tee | 


Oscillator 


Maximum oscillator frequency at C, = 40pF 

fosc (Figures 4 and 5) 450 KHz 
Free-running oscillator frequency 

fosc at Ta = 25°C ef me fm | ie 


DATA MDATA 


TC19710S 


NOTES: 

1. Control inputs for operating modes, test modes and reset. 
2. Remote signal outputs. 

3. Keyboard command code matrix 8 X 8. 

4. Keyboard system code matrix 4 x 8. 


Figure 1. Keyboard Interconnection 
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FUNCTIONAL DESCRIPTION 


Combined System Mode 

(SSM = LOW) 

The X and Z lines are active-HIGH in the 
quiescent state. Legal key operation either in 
the X-DR or Z-DR matrix starts the debounce 
cycle. When the contact is made for two bit 
times without interruption, the oscillator en- 
able signal is latched and the key may be 
released. Interruption within the two bit times 
resets the internal action. At the end of the 
debounce time, the DR outputs are switched 
off and two scan cycles are started, switching 
on the DR-outputs one by one. When a Z or X 
input senses a LOW level, a latch enable 
signal is fed to the system address or com- 
mand latches, depending on whether sensing 
was found in the Z or X input matrix. After 
latching a system address number, the device 
will generate the last command (i.e., all com- 
mand bits '1') in the chosen system as long 
as the key is pressed. Latching of a command 
number causes the device to generate this 
command together with the system address 
number stored in the system address latch. 
Releasing the key will reset the internal action 
if no data is transmitted at that time. Once the 
transmission is started, the signal will be 
finished completely. 


Single System Mode 

(SSM = HIGH) 

The X lines are active-HIGH in the quiescent 
state; the pull-up transistors of the Z lines are 
switched off and the inputs are disabled. Only 
legal key operation in the X-DR matrix starts 
the debounce cycle. When the contact is 
made for two bit times without interruption, 
the oscillator enable signal is latched and the 
key may be released. Interruption within the 
two bit times resets the internal action. At the 
end of the debounce time, the pull-up transis- 
tors in the X lines are switched off. Those in 
the Z lines are switched on during the first 
scan cycle. The wired connection in the Z 
matrix is then translated into a system ad- 
dress number and stored in the system ad- 


Table 1. Test Functions 
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LOW Matrix input Matrix input 

HIGH Matrix input Matrix input 
Output fosc® LOW LOW 
Output fosc® HIGH HIGH 


dress latch. At the end of the first scan cycle 
the pull-up transistors in the Z lines are 
switched off and the inputs are disabled 
again, while the transistors in the X lines are 
switched on. The second scan cycle pro- 
duces the command number which, after 
latching, is transmitted together with the sys- 
tem address number. 


inputs 

The command inputs X0 to X7 carry a logical 
'1' in the quiescent state by means of an 
internal pull-up transistor. When SSM is LOW, 
the system inputs ZO to Z3 also carry a logical 
'1' in the quiescent state by means of an 
internal pull-up transistor. 


When SSM is HIGH, the transistors are 
switched off and no current flows via the 
wired connection in the Z-DR matrix. 


Oscillator 

The oscillator is formed by a ceramic resona- 
tor (catalog number 2422 540 98021 or 
equivalent) feeding the single-pin input OSC. 
Direct connection is made for supply voltages 
in the range 2 to 5.25V but it is necessary to 
fit a 10kQ2 resistor in series with the resonator 
when using supply voltages in the range 2.6 
to 7V. 


Key Release Detection 

An extra control bit is added which will be 
complemented after key release. In this way 
the decoder gets an indication that shows if 
the next code is to be considered as a new 
command. This is very important for multi- 
digit entry (e.g., by channel numbers or Tele- 
text/Viewdata pages). The control bit will only 
be complemented after finishing at least one 
code transmission. The scan cycles are re- 
peated before every code transmission, so 
that, even by ‘takeover’ of key operation 
during the code transmission, the correct 
system and command numbers are generat- 
ed. 


Outputs 

The output DATA carries the generated infor- 
mation according to the format given in Fig- 
ure 2 and Tables 2 and 3. The code is 
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Scan + output frequency 6 times faster than normal 


Output frequency 3 x 2’ faster than normal 
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transmitted in biphase; definitions of logical 
'1' and '0' are given in Figure 3. 


The code consists of four parts: 

® Start part formed by 2 bits (two times a 
logical '1') 

® Control part formed by 1 bit 

@ System part formed by 5 bits 

@ Command part formed by 6 bits. 


The output MDATA carries the same informa- 
tion as output DATA but is modulated on a 
carrier frequency of 412 the oscillator frequen- 
cy, so that each bit is presented as a burst of 
32 pulses. To reduce power consumption, the 
carrier frequency has a 25% duty cycle. 


In the quiescent state, both outputs are non- 
conducting (3-state outputs). The scan driv- 
ers DRO to DR7 are of the open-drain N- 
channel type and are conducting in the quies- 
cent state of the circuit. After a legal key 
operation all the driver outputs go into the 
high ohmic state; a scanning procedure is 
then started so that the outputs are switched 
into the conducting state one after the other. 


Reset Action 
The circuit will be reset immediately when a 
key release occurs during: 


@ Debounce time 
® Between two codes. 


When a key release occurs during scanning 
of the matrix, a reset action will be accom- 
plished if: 


®@ The key is released while one of the driver 
outputs is in the low-ohmic '0' state 


@ The key is released before detection of that 
key 


® There is no wired connection in the Z-DR 
matrix while SSM is HIGH. 


Test Pin 

The test pins TP1 and TP2 are used for 
testing in conjunction with inputs Z2 and Z3 
as shown in Table 1. 


Normal 


Reset 
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KEY ACTIVITIES 

Every connection of one X input and one DR 
output is recognized as a legal keyboard 
operation and causes the device to generate 
the corresponding code. 


Activating more than one X input at a time is 
an illegal keyboard operation and no circuit 
action is taken (oscillator does not start). 


When SSM is LOW, every connection of one 
Z input and one DR output is recognized as a 
legal keyboard operation and causes the 
device to generate the corresponding code. 


Activating two or more Z inputs, or Z inputs 
and X inputs, at one time is an illegal key- 
board operation and no circuit action is taken. 


When SSM is HIGH, a wired connection must 
be made between a Z input and a DR output. 
If no connection is made, the code is not 
generated. 


When one X or Z input is connected to more 
than one DR output, the last scan signal is 
considered legal. 


The maximum allowable value of the contact 
series resistance of the keyboard switches is 
7kQ.. 


December 2, 1986 


WMMLEZ (EERE EEE 


‘ | 4 sai 
ADDRESS S BITS 
CONTROL BIT 
START 
BITS 
SCAN TIME 
2 BIT 7 
TIMES DATA WORD TIME = 14 BIT TIMES 


2 CODES SUCCESSIVELY 


cove" 


REPETITION TIME = 64 BIT TIMES 


Figure 2. DATA Output Format (RC-5) 


DIGITAL 4’ DIGITAL ‘0’ 


1 BIT TIME 
WF19130S 


NOTE: 
1. Bit time =3 x 28 x tosc (typically 1.778ms) where tosc is the oscillator period time. 


Figure 3. Biphase Transmission Code 
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Table 2. Command Matrix X-DR 


COMMAND BITS 
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Table 2. Command Matrix X-DR (Continued) 


COMMAND BITS 
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Table 3. System Matrix Z-DR 


SYSTEM —— DR-LINES SYSTEM BITS 
NO DR 
2 3 % 5 6 7 
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Figure 5. Test Circuit for Measurement of Maximum Oscillator Frequency 


OP15710S 


Figure 4. Typical Normalized Input 
Frequency as a Function of the 
Load (Keyboard) Capacitance 


HANDLING 

Inputs and outputs are protected against elec- 
trostatic charge in normal handling. However, 
to be totally safe, it is desirable to take normal 
precautions appropriate to handling MOS de- 
vices. 
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DESCRIPTION FEATURES PIN CONFIGURATION 
The SAA3027 is intended for a general e@ Transmitter for 32 < 64 NP 

. ackage 
purpose (RC-5) infrared remote control commands 
system. The device can generate 2048 @ One transmitter controls 32 
different commands and utilizes a key- systems 


board with a single-pole switch per key. Very low current consumption 

The commands are arranged so that 32 = For infeed tanamicsion ink 

systems can be addressed, each system _ ; 

containing 64 different commands. ¢ Transmission by biphase 
technique 


The circuit response to legal (one key e Short transmission times; speed- 


pressed at a time) and illegal (more than 


one key pressed at a time) keyboard  “P sh = reaction time 
operation is specified later in this publi ° LC oscillator; no crystal required 


cation (see KEY ACTIVITIES). e Input protection 
e Test mode facility 


APPLICATION 
e Remote control systems 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 


ABSOLUTE MAXIMUM RATINGS 


| SYMBOL | PARAMETER RATING UNIT 


Pe voltage range with respect to ~05 to ¥15 L e4 


input votage rage —=SCS~*~*~*~*di«C Wav w | 
en 
<a tT eee eee ames eS 
a a 


Power dissipation per output (all other 
outputs) 


Operating ambient temperature range -25 to +85 
Storage temperature range -65 to +150 


SYMBOL DESCRIPTION 


Keyboard command inputs with 
P-channel pull-up transistors 


System mode selection input 


Keyboard system inputs with 
P-channel pull-up transistors 


Remote signal outputs 
(3-state outputs) 


Scan driver outputs with open- 
drain N-channel transistors 


Negative supply (ground) 
Oscillator input 

Test pin 

Oscillator output 

Positive supply 
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DC AND AC ELECTRICAL CHARACTERISTICS Vssg = 0V; Ta =-25°C to 85°C, unless otherwise specified. 


SYMBOL PARAMETER 


Supply voltage 


| Yoo | aes ae 
Supply current 
at lo = OmA for all outputs; 
XO to X7 and Z3 at Vpp; 
all other inputs at Vpp or Vss; 
excluding leakage current from open 
drain N-channel outputs; 
| too | Turerc et 


Ta = 25°C 


Inputs 
Keyboard inputs X and Z with P-channel pull-up transistors 


Input current (each input) at V; = OV; 
TP = SSM = LOW 4.75 to 12.6 10 


| Vin | Input voltage HIGH 4.75 to 12.6 
| Vit | Input voltage LOW 4.75 to 12.6 


Input leakage current 
at Ta = 25°C; TP = HIGH; 
V; = 12.6V 
12.6 1 yA 
12.6 1 yA 
Outputs 
DATA, MDATA 


Output leakage current at: 
lor Vo = 12.6V : 10 
-lor Vo = OV : 20 
Ta = 25°C; 
lor Vo = 12.6V , 
-lor Vo = 0V i 


DRO to DR7 outputs 


Output leakage current 
at Vo = 12.6V 
at Vo = 12.6V; 
Ta = 25°C 


Output voltage HIGH 
Output voltage LOW 


Maximum oscillator frequency 
at C_ = 40pF (Figures 4 and 5) 


ips > 


Input leakage current at Ta = 25°C; 
V; = 12.6V 
V; = 0V 


BB 


BB 
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Handling 

Inputs and outputs are protected against 
electrostatic charge in normal handling. How- 
ever, to be totally safe, it is desirable to take 
normal precautions appropriate to handling 
MOS devices. 


VVRMERVIA 
30 29 28 27 26 25 24 


NOTES: 


MDATA 


(1) Programming inputs for operating modes, test mode and reset. 


(2) Remote signal outputs. 
(3) Keyboard command code matrix 8 X 8. 
(4) Keyboard system code matrix 4 x 8. 


FUNCTIONAL DESCRIPTION 


Combined System Mode 

(SSM = LOW) 

The X and Z-lines are active HIGH in the 
quiescent state. Legal key operation either in 
the X-DR or Z-DR matrix starts the debounce 
cycle. When the contact is made for two bit 
times without interruption, the oscillator-en- 
able signal is latched and the key may be 
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Figure 1. Keyboard Interconnection 


released. Interruption within the two bit times 
resets the internal action. At the end of the 
debounce time, the DR-outputs are switched 
off and two scan cycles are started, switching 
on the DR-outputs one by one. When a Z or 
X-input senses a LOW level, a latch-enable 
signal is fed to the system address or com- 
mand latches; depending on whether sensing 
was found in the Z or X-input matrix. After 
latching a system address number, the device 
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Product Specification 


SAA3027 


DATA 


TC19730S 


will generate the last command (i.e., all com- 
mand bits '1') in the chosen system as long 
as the key is pressed. Latching of a command 
number causes the device to generate this 
command together with the system address 
number stored in the system address latch. 
Releasing the key will reset the internal action 
if no data is transmitted at that time. Once the 
transmission is started, the signal will be 
finished completely. 


Signetics Linear Products 


Product Specification 


Infrared Remote Control Transmitter (RC-5) 


SAA3027 


Single System Mode 

(SSM = HIGH) 

The X-lines are active HIGH in the quiescent 
state; the pull-up transistors of the Z-lines are 
switched off and the inputs are disabled. Only 
legal key operation in the X-DR matrix starts 
the debounce cycle. When the contact is 
made for two bit times without interruption, 
the oscillator-enable signal is latched and the 
key may be released. Interruption within the 
two bit times resets the internal action. At the 
end of the debounce time, the pull-up transis- 
tors in the X-lines are switched off; those in 
the Z-lines are switched on during the first 
scan cycle. The wired connection in the Z- 
matrix is then translated into a system ad- 
dress number and stored in the system ad- 
dress latch. At the end of the first scan cycle 
the pull-up transistors in the Z-lines are 
switched off and the inputs are disabled 
again, while the transistors in the X-lines are 
switched on. The second scan cycle pro- 
duces the command number which, after 
latching, is transmitted together with the sys- 
tem address number. 


Inputs 

The command inputs X0 to X7 carry a logical 
'1' in the quiescent state by means of an 
internal pull-up transistor. When SSM is LOW, 
the system inputs ZO to Z3 also carry a logical 
'1' in the quiescent state by means of an 
internal pull-up transistor. 


When SSM is HIGH, the transistors are 
switched off and no current flows via the 
wired connection in the Z-DR matrix. 


Oscillator 

OSCI and OSCO are the input/output, re- 
spectively, of a two-pin oscillator. The oscilla- 
tor is formed externally by one inductor and 
two capacitors and operates at 72kHz (typi- 
Cal). 


Key-Release Detection 

An extra control bit is added which will be 
complemented after key-release. In this way 
the decoder gets an indication that shows if 
the next code is to be considered as a new 
command. This is very important for multi- 


December 2, 1986 


digit entry (e.g. by channel numbers or Tele- 
text/Viewdata pages). The control bit will only 
be complemented after finishing at least one 
code transmission. The scan cycles are re- 
peated before every code transmission, so 
that, even by ‘take-over’ of key operation 
during code transmission, the correct system 
and command numbers are generated. 


Outputs 

The output DATA carries the generated infor- 
mation according to the format given in Fig- 
ure 2 and Tables 1 and 2. The code is 
transmitted in biphase; definitions of logical 
'{' and '0' are given in Figure 3. 


The code consists of four parts: 

@ Start part formed by 2 bits (two times a 
logical '1') 

® Control part formed by 1 bit 

@ System part formed by 5 bits 

@ Command part formed by 6 bits 


The output MDATA carries the same informa- 
tion as output DATA but is modulated on a 
carrier frequency of half the oscillator fre- 
quency, so that each bit is presented as a 
burst of 32 oscillator periods. To reduce 
power consumption, the carrier frequency has 
a 25% duty cycle. 


In the quiescent state, both outputs are non- 
conducting (3-state outputs). The scan driv- 
ers DRO to DR7 are of the open drain N- 
channel type and are conducting in the quies- 
cent state of the circuit. After a legal key 
operation, a scanning procedure is started so 
that they are switched into the conducting 
state one after the other. 


Reset Action 
The circuit will be reset immediately when a 
key release occurs during: 


® Debounce time 
®@ Between two codes 


When a key release occurs during scanning 
of the matrix, a reset action will be accom- 
plished if: 
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®@ The key is released while one of the driver 
outputs is in the low-ohmic '0' state; 


®@ The key is released before detection of that 
key; 


®@ There is no wired connection in the Z-DR 
matrix while SSM is HIGH. 


Test Pin 
The test pin TP is an input which can be used 
for testing purposes. 


When LOW, the circuit operates normally. 


When HIGH, all pull-up transistors are 
switched off, the control bit is set to zero and 
the output data is 2§ times faster than normal. 


When Z2 =Z3 =LOW, the counter will be 
reset to zero. 


Key Activities 

Every connection of one X-input and one DR- 
output is recognized as a legal keyboard 
operation and causes the device to generate 
the corresponding code. 


Activating more than one X-input at a time is 
an illegal keyboard operation and no circuit 
action is taken (oscillator does not start). 


When SSM is LOW, every connection of one 
Z-input and one DR-output is recognized as a 
legal keyboard operation and causes the 
device to generate the corresponding code. 


Activating two or more Z-inputs, or Z-inputs 
and X-inputs, at one time is an illegal key- 
board operation and no circuit action is taken. 


When SSM is HIGH, a wired connection must 
be made between a Z-input and a DR-output. 
If no connection is made, the code is not 
generated. 


When one X or Z-input is connected to more 
than one DR-output, the last scan signal is 
considered legal. 


The maximum allowable value of the contact 
series resistance of the keyboard switches is 
10kQ 


Z2 or Z3 must be connected to Vpp to avoid 
unwanted supply current. 
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DEBOUNCE 
TIME 
LSB MSB 


SYSTEM __,|,__ COMMAND 
ADDRESS i BITS 
CONTROL BIT 
START START 
BITS 
SCAN TIME 
2 BIT 
TIMES DATA WORD TIME = 14 BIT TIMES 


2 CODES SUCCESSIVELY 


REPETITION TIME = 64 BIT TIMES 


Figure 2. DATA Output Format (RC-5) 


DIGITAL 4 DIGITAL ‘0’ 


1BiT TIME 
WF19130S 


NOTE: 
1. Bit Time = 2” X Togo = 1.778ms (Typical), where Tosc is the oscillator period time. 


Figure 3. Biphase Transmission Code 
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Infrared Remote Control Transmitter (RC-5) 


Table 1. Command Matrix X-DR 


COMMAND BITS 


” 
uw 
< 
a 
1 
x 
Qa 


OrNOorwWnNonr~;sodD oO 
= 
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Table 1. Command Matrix X-DR (Continued) 


X-LINES DR-LINES COMMAND BITS 
Cc 


ee ae ee ae ae ae ee 
oOooooo°o°o!] & 
—_-~ es =| =| OOOO! N 
=—-— =- OO —|— =| OO | = 


oooo0oo0qcooo,|,;o0ocoo0°”jtooo|]|-sz 
-_o+-'o0O+-0+0;-0+?;0+?0+?0/0 


a ee ee ee F 
ee ee ef 


0 
0 
j 
1 
0 
0 
1 
1 
0 
0 
1 
1 
0 
0 
1 
1 


a ae ae ee a 
ee ee ee ae ee ee a 
oo Oo0ocoo0o0c Oo 
—s tl tO OC OO 
-o--O0O0O+-0+ 0 


ee ee ee ee ee ee 
ee ee ee ee ee a 
a ee ee ee ee ee eS 
----40O0000 
-=-0O00-=+00 
=—=—O}-_- O--- O = O 
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SYSTEM BITS 
Ss 


Table 2. System Matrix Z-DR 


SYSTEM Z-LINES DR-LINES 
NO Z DR 
0 1 2 3 0 1 2 3 4 5 6 7 


AD. 


saoosa Oc} = 
=Oo-O-0=o0/o0 


NOP WOOD — O 


oO © 
oooocoooqoo;oo0°oo0°coo9co 


—?~ ees O COC O;7+ +0000 0\;,;+ ++ $$ Oooo] N 


oooooq°ooo;e+s+ A+ +/7/00 00 0 00 0 | ®& 


-—-O- O + O + O =—-—O--- Oo —- O + O 


ee ee ee ee ee ee ee | 
—~-O0O-4-400 


ee ee oe ee oe ae 
tit-aeoo 6 
ak oww oe 
Oost Os OWS 


NORMALIZED FREQUENCY 


TC19720S 


Figure 5. Test Circuit for Measurement of Maximum Oscillator Frequency 


OP15710S 


Figure 4. Typical Normalized Input 
Frequency as a Function of the 
Load (Keyboard) Capacitance 
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DESCRIPTION 


The SAA3028 is intended for use in 
general purpose (RC-5) remote control 
systems. The main function of this inte- 
grated circuit is to convert RC-5 biphase 
coded signals into equivalent binary val- 
ues. Two input circuits are available: one 
for RC-5 coded signals only; the other 
selectable to accept RC-5 coded signals 
only, or RC-5 (extended) coded signals 
only. The input used is that at which an 
active code is first detected. Coded 
signals not in RC-5/RC-5(ext) format are 
rejected. Data input and output is by 
serial transfer, the output interface being 
compatible for I?C bus operation. 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 


SAA3028 
Infrared Receiver 


Product Specification 


FEATURES 

e Converts RC-5 or RC-5(ext) 
biphase coded signals into binary 
equivalents 

e Two data inputs: 
one fixed (RC-5); one selectable 
(RC-5/RC-5(ext)) 

e Rejects all codes not in RC-5/ 
RC-5(ext) format 

e 17C output interface capability 

e Power-off facility 

e Master/slave addressable for 
multi-transmitter/receiver 
applications in RC-5(ext) mode 

e Power-on reset for defined start- 
up 


Vss 


PIN NO. SYMBOL 
DAV 


MAO 
MA1 
MA2 
RC5 
OSCI 
Osco 
Vss 
SCL 
SDA 
DATA 2 
DATA 1 


APPLICATION 
e Remote control systems 


PO 
16-Pin Plastic DIP (SOT-38Z) -25°C to 85°C SAA3028N a 


BLOCK DIAGRAM 


SSB 
Vop 


CONTROL 
CIRCUIT 


INPUT 
DETECTOR 


POWER-ON 
RESET 


ni] 
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fete | BUS 
fete | 


9 
mE 
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PIN CONFIGURATION 
N Package 


TOP VIEW 
CD12040S 
DESCRIPTION 
Data valid output with open drain 
N-channel transistor 


Master address inputs 


Data 2 input select 
Oscillator input 
Oscillator output 
Negative supply (ground) 
Serial clock line } 20 bus 
Serial data line 

Data 2 input 

Data 1 input 

Power-off signal output with open 
drain N-channel transistor 

Enable input 

Set standby input 

Positive supply (+5V) 


853-1028 86699 
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ABSOLUTE MAXIMUM RATINGS 


cn eT 
[ouput coment SSSS~dCSCSCS Cd 
[Power dsspaton oupu GSO ——~S*dSS= 
[Po [Power dobar pe ot a beeen) [wo [ww 
Pror [Total power dspaton per package «| ——~a00 «mw 


NOTE: 
1. Vpp+0.5 not to exceed 15V. 


DC ELECTRICAL CHARACTERISTICS Vss=0V; Ta =-25°C to 85°C, unless otherwise specified. 


LIMITS 
— ae “ -——-m_| ne |e = 


| Supply voltage sid voltage 


ss | ov | 
ee a a ce Ae ee 
Inputs MAO, MA1, MA2, DATA 1, DATA 2, RC5, SCL, ENB, SSB, OSC! 
vn | put votage HIGH «|S BS | OF XVool «Yoo «YS 
Tvs | touvotagetow ——=S=s=~=~“~*~*~*~sC Bw BS | |S*dC ol 
Ph Input leakage current at V; = 5.5V; Ta = 25°C ee ee ee ee ee 
Pa Input leakage current at V; = OV; Ta = 25°C ee ee eee eee 
Outputs DAV, PO 
vo. | Output votage LOW at in=TémA——=SC=*d;CB we] CYC 
rion | Output leakage curent at Vo=s8viTanare | ss | | | + ‘| am 


[Von | Spat wokage HGH at g=0amA—=«d;S—CAS BS | Woo-0s]—«YSSC*dSC 
[vox | Owputwotage LOW atig=dana «dt aswss | | «iY 


Output leakage current at Ta = 25°C; 
lor Vo = 5.5V 1 uA 
lor Vo = OV 1 uA 


Oscillator 


Maximum oscillator frequency (Figure 6) ee 


HANDLING ever, to be totally safe, it is desirable to take 


Inputs and outputs are protected against ormal precautions appropriate to handling 
electrostatic charge in normal handling. How- MOS devices. 
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FUNCTIONAL DESCRIPTION 


Input Function 
The two data inputs are accepted into the 
buffer as follows: 


DATA 1: Only biphase coded signals 
which conform to the RC-5 format 
are accepted at this input. 


DATA 2: This input performs according to 
the logic state of the select input 
RC5. When RC5 = HIGH, DATA 2 
input will accept only RC-5 coded 
signals. When RC5 = LOW, DATA 
2 input will accept only RC-5(ext) 
coded signals. 


The input detector selects the input, DATA 1 
or DATA 2, in which a HIGH-to-LOW transi- 


SAA3028 


tion is first detected. The selected input is 
then accepted by the buffer for code conver- 
sion. All signals received that are not in the 
RC-5 or RC-5(ext) format are rejected. 


Formats of RC-5 and RC-5(ext) biphase cod- 
ed signals are shown in Figures 1 and 2, 
respectively; the codes commence from the 
left of the formats shown. The bit-times of the 
biphase codes are defined in Figure 3. 


TT a Ec 


aE 


START CONTROL 


NOTE: 
Stop time = 1.5 bit-times (nominal). 


DATA WORD TIME = 15 BIT TIMES 


AF04750S 


Figure 1. RC-5 Code Format: the First Start Bit is Used Only for Detection and Input Gain-Setting 


RESET STANDBY 


DEFINED FUNCTION 


ee, 
BR ee ee ee 
ee ood 


START MASTER 


ADDRESS 


NOTE: 
Stop time = 1.5 bit-times (nominal). 


CONTROL 


DATA WORD TIME = 30 BIT TIMES 


stop —_ 
TIME 


AF04740S 


Figure 2. RC-5 (extended) Code Format: the First Start Bit is Used Only for Detection and Input Gain-Setting 


NOTE: 


DIGITAL ‘1’ DIGITAL ‘0’ 


1BiT TIME 


WF19130S 


RC-5 bit-time = 2’ X togo = 1.778ms (typical), RC-5(ext) bit-time = 2§ X tosc = 0.89ms (typical), where tosc = the oscillator period time. 
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Figure 3. Biphase Code Definition 
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More information is added to the input data RC-5 BUFFER CONTENTS RC-5(EXT) BUFFER CONTENTS 


® Data valid indicator ®@ Data valid indicator 
@® Format indicator ® Format indicator 
@ Input indicator @ Input indicator 


held in the buffer in order to make it suitable 
for transmission via the |?C interface. The 
information now held in the buffer is as shown 


in the table. ®@ Control @ Master address 


@ Address data ® Control 
®@ Command data @ Slave address 
@ Data 


The information assembled in the buffer is subjected to the following controls before 
being made available at the lo C interface: 


ENB =HIGH _ Enables the set standby input SSB. 
SSB = LOW Causes power-off output PO to go HIGH. 


PO = HIGH This occurs when the set standby input SSB = LOW and allows the 
existing values in the buffer to be overwritten by the new binary equiva- 
lent values. After ENB = LOW, SSB is don't care. 


PO = LOW This occurs according to the type of code being processed, as follows: 
RC-5: When the binary equivalent value is transferred to the buffer. 
RC-5(ext): When the reset standby bit is active and the master address 
bits are equal in value to the MAO, MA1, MA2 inputs. 
At power-on, PO is reset to LOW. 


DAV = HIGH This occurs when the buffer contents are valid. If the buffer is not 
empty, or an output transfer is taking place, then the new binary values 
are discarded. ‘ 


Output Function 

The data is assembled in the buffer in the 
format shown in Figure 4 for RC-5 binary 
equivalent values, or in the format shown in 
ues. The data is output serially, starting from 

the left of the formats shown in Figures 4 and 
5. CONTROL BIT 


The output signal DAV, derived in the buffer INPUT INDICATOR: = DATA 1INPUR T= DATA ZINPUT 
from the data valid bit, is provided to facilitate FORMAT INDICATOR: 0 = RC —5 

use of the transcoder on an interrupt basis. DATA VALID = 0; DATA NOT VALID = 1 

This output is reset to LOW during power-on. 


The 12C interface allows transmission on a Figure 4. RC-5 Binary Equivalent Value Format 


bidirectional, two-wire I2C bus. The interface 
is a slave transmitter with a built-in slave 


address, having a fixed 7-bit binary value of 
0100110. Serial output of the slave address on pee ‘i DAINS 7 DATAS “ ——— | 
onto the IC bus starts from the left-hand bit. MSB LS MSB LSBIMSB LSB 
EAEHEACIC] rl CHCHSHSHEHCHONG WN 22 oe IMIR CM 
eee 


MASTER RESET 
ADDRESS STANDBY 


INPUT INDICATOR: 0 = DATA 1 INPUT, 1= DATA 2 INPUT 
FORMAT INDICATOR: 1 = RC — 5 (EXT) 
DATA VALID = 0; DATA NOT VALID =1 


AF04770S 


Figure 5. RC-5(ext) Binary Equivalent Value Format 
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Oscillator 

The oscillator can comprise a ceramic reso- 
nator circuit as shown in Figure 6. The typical 
frequency of oscillation is 455kHz. 


()) 
[__] CERAMIC 
RESONATOR 


TC19590S 


NOTE: 
(1) Catalog number of ceramic resonator: 2422 540 98008. 


Figure 6. Oscillator Circuit 


FUNCTIONAL DESCRIPTION 


I7¢ Bus Transmission 

Formats for IC transmission in low-and high- 
speed modes are shown respectively in 
Figures 7 and 8. 


ACKNOWLEDGE 
FROM SLAVE 


s| START BYTE als SLAVE ADDRESS fal DATA 1 a DATA 2 a DATA 3 ja] paras fal’ 


ACKNOWLEDGE ACKNOWLEDGE FROM RECEIVER 
FROM MASTER (= MASTER) 


NOTES: 

When R/W bit = 0, the slave generates a NACK (negative acknowledge), leaves the data line HIGH and waits for a stop (P) condition. 

When the receiver generates a NACK, the slave leaves the data line HIGH and waits for P (the slave acting as if all data has been transmitted). 
When all data has been transmitted, the data line remains HIGH and the slave waits for P. 


Figure 7. Format for Transmission in I2C Low-Speed Mode 


ACKNOWLEDGE 
FROM SLAVE 


's SLAVE ADDRESS fafa} paras [al DATA 2 A DATA 3 a DATA 4 AG 


ACKNOWLEDGE FROM RECEIVER 
(= MASTER) 


AF04790S 


NOTES: 

When R/W bit =0, the slave generates a NACK (negative acknowledge), leaves the data line HIGH and waits for a stop (P) condition. 

When the receiver generates a NACK, the slave leaves the data line HIGH and waits for P (the slave acting as if all data has been transmitted). 
When all data has been transmitted, the data line remains HIGH and the slave waits for P. 


Figure 8. Format for Transmission in re High-Speed Mode 
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DESCRIPTION FEATURES 
The TDA3047 is for infrared reception @ HF amplifier with a control range 
with low power consumption. of 66dB 


e Synchronous demodulator and 
reference amplifier 


e AGC detector 
e Pulse shaper 


e Q-factor killing of the input 
selectivity, which is controlled by 
the AGC circuit 


e Input voitage limiter 


APPLICATION 
e IR remote control systems 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP (SOT-38) -25°C to +125°C TDA3047N 
16-Pin Plastic SO (SOT-109A) 0 to +70°C TDA3047TD 


BLOCK DIAGRAM 


REFERENCE 
Nes AMPLIFIER 


CONTROLLED SYNCH. 
HF AMP DEMODULATOR 
A.G.C. 
DETECTOR 


PULSE- 
SHAPER 


Q-FACTOR 
KILLER 
INPUT 
LIMITER 
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PIN CONFIGURATION 


D, N Packages 


INPUT SIGNAL [1 | 
INPUT SIGNAL 
Q FACTOR IN [3 | 


115] INPUT SIGNAL 
114] Q FACTOR IN 


113] FEEDBACK CAP IN 


A] AGC DET TIME 
CONSTANT 
PULSE SHAPER 


FEEDBACK CAP IN [4 | 
FEEDBACK CAP IN [5 | 
FEEDBACK CAP IN [6 | 

COIL INPUT 


CAPACITOR 
110] COIL INPUT 


TOP VIEW 
CD11240S 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


Output current pulse shaper (Pin 11) 


Voltages between pins! 
Pins 2 and 15 


Pins 4 and 13 
Pins 5 and 6 
Pins 7 and 10 
Pins 9 and 11 


4.5 
Storage temperature range -65 to +150 °C 
Operating ambient temperature range -25 to +125 °C 


NOTE: 
1. All pins except Pin 11 are short-circuit protected. 


DC ELECTRICAL CHARACTERISTICS Vcc = Vg = 5V; Ta = 25°C, measured in Figure 3, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pwn | tye | Mex 


Supply (Pin 8) 


[vec | Siepyvotags——SCSC~=~“*~*~“‘“‘*~*”CHSCYSC‘ SSCS 
SO 


Controlled HF amplifier (Pins 2 and 15) 


Minimum input signal (peak-to-peak value) 
V2 -15(P-P) at f = 36kHz' 
Vo - 15(P-P) at f = 36kHz° 


ft AGC control range (without Q-killing) 
Input signal for correct operation (peak-to-peak value)°® 
Q-killing inactive (Ig = 114 <0.5uA) peak-to-peak value) 


Q-killing range 


Figure 1 


Q-killing active (l14 = 13 = max.) (peak-to-peak value) 
Input voltage (Pin 2) 
Input voltage (Pin 15) 
Input resistance (Pin 2) 10 
Input capacitance (Pin 2) 


Input limiting (Pin 1) at |; =3mA 
Output voltage HIGH (Pin 9) at -lg = 75yuA 


Output voltage LOW (Pin 9) at lg = 75uA 


Output current; output voltage HIGH 
at Vg = 4.5V 
at Vg = 3.0V 
at Vg = 1.0V 


Output current; output voltage LOW at Vg = 0.5V 75 
3.1 


Output resistance between Pins 7 and 10 
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DC ELECTRICAL CHARACTERISTICS (Continued) Vcc = Vg = 5V; Ta = 25°C, measured in Figure 3, unless otherwise 


Pulse shaper (Pin 11) 


AGC detector (Pin 12) 


Q-factor killer (Pins 3 and 14) 


NOTES: 

1. Voltage Pin 9 is HIGH; -lg = 75pA. 

2. Voltage Pin 9 remains LOW. 

3. Undistorted output pulse with 100% AM input. 


FUNCTIONAL DESCRIPTION 


General 

The circuit operates from a 5V supply and has 
a current consumption of 2mA. The output is 
a current source which can drive or suppress 
current of > 75uA with a voltage swing of 
4.5V. The Q-killer circuit eliminates distortion 
of the output pulses due to the decay of the 
tuned input circuit at high input voltages. The 
input circuit is protected against signals of 
> 600mV by an input limiter. The typical input 
is an AM signal at a frequency of 36kHz. 
Figures 2 and 3 show the circuit diagrams for 
the application of narrow-band and wide-band 
receivers, respectively. Circuit description of 
the eight sections shown in the Block Dia- 
gram are given below. 


Controlled HF Amplifier 

The input signal is amplified by the gain- 
controlled amplifier. This circuit comprises 
three DC amplifier stages connected in cas- 
cade. The overall gain of the circuit is approxi- 
mately 83dB and the gain control range is in 
the order of 66dB. Gain control is initially 
active in the second amplifier stage and is 
transferred to the first stage as limiting in the 
second stage occurs, thus maintaining opti- 
mum signal-to-noise ratio. Offset voltages in 
the DC coupled amplifier are minimized by 
two negative feedback loops. These also 
allow the circuit to have some series resis- 
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SYMBOL PARAMETER 


specified. 


| ke si AGC capacitor discharge current 


tance of the decoupling capacitor. The output 
signal of the amplifier is applied to the refer- 
ence amplifier and to the synchronous de- 
modulator inputs. 


Reference Amplifier 

The reference amplifier amplifies and limits 
the input signal. The voltage gain is approxi- 
mately OdB. The output signal of this amplifier 
is applied to the synchronous demodulator. 


Synchronous Demodulator 

In the synchronous demodulator, the input 
signal and reference signal are multiplied. 
The demodulator output current is 25yA 
peak-to-peak. The output signal of the de- 
modulator is fed to the input of the AGC 
detector and to the input of the pulse-shaper 
Circuit. 


AGC Detector 

The AGC detector comprises two NPN tran- 
sistors operating as a differential pair. The top 
level of the output signal from the synchro- 
nous demodulator is detected by the AGC 
circuit. Noise pulses are integrated by an 
internal capacitor. The output signal is ampli- 
fied and applied to the first and second 
stages of the amplifier and to the Q-factor 
killer circuit. 


Pulse-Shaper 
The pulse-shaper comprises two NPN tran- 
sistors operating as a differential pair con- 
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LIMITS 
min [tye | mee | 


Trigger level in positive direction 
(voltage Pin 9 changes from HIGH to LOW) 
Trigger level in negative direction 
Vi4 (voltage Pin 9 changes from LOW to HIGH) 
Hysteresis of trigger levels 
| e7 | 00] 193 | A 


$ 


5 


nected in parallel with the AGC differential 
pair. The slicing level of the pulse shaper is 
lower than the slicing level of the AGC 
detector. The output of the pulse-shaper is 
determined by the voltage of the capacitor 
connected to Pin 11 which is applied directly 
to the output buffer. 


Output Buffer 

The voltage of the pulse-shaper capacitor is 
fed to the base of the first transistor of a 
differential pair. To obtain a correct RC-5 
code, a hysteresis circuit protects the output 
against spikes. The output at Pin 9 is active 
HIGH. 


Q-factor Killer 

Figure 2 shows the Q-factor killer in the 
narrow-band application. In this application it 
is necessary to decrease the Q-factor of the 
input selectivity particularly when large input 
signals occur at Pins 2 and 15. In the narrow- 
band application the output of the Q-factor 
killer can be directly coupled to the input; Pin 
3 to Pin 2, and Pin 14 to Pin 15. 


Input Limiter 

In the narrow-band application, high voltage 
peaks can occur on the input of the selectivity 
circuit. The input limiter limits these voltage 
peaks to approximately 0.7V. Limiting is 0.9V 
maximum at ly = 3mA. 
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Vs = 5.0 VOLT 
fo = 36kHz 


I 
CMM CATT 
CLUTIM TOAMT ETI TT 
LUTE UT ETT 
DATA OUT 


_ (mV) TC01381S 
OP10780S 


NOTE: 
I3, 14 iS measured to ground, V2.;5(p-p) is a symmet- . . 7 
rical square wave. Measured in Figure 3; Voc = 5V. Figure 2. Narrow-Band Receiver Using TDA3047 


Figure 1. Typical Q-Factor Killer 
Current (Pins 3 and 14) as a 
Function of the Peak-to-Peak 

Input Voltage (V2-15) 


Vs = 5.0 VOLT 
fo= 36kHz 
10nF 


10 Tal ay al al or 


nF 


TDA 3047/3048 


12111] 10} 9] 


DATA OUT 


TC01551S 


NOTE: 
For better sensitivity, both 12kQ resistors may have a higher value. 


Figure 3. Wide-Band Receiver With TDA3047 
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DESCRIPTION FEATURES 
The TDA3048 is for infrared reception e@ HF amplifier with a control range 
with low power consumption. of 66dB 


e Synchronous demodulator and 
reference amplifier 


e AGC detector 
e Pulse shaper 


e Q-factor killing of the input 
selectivity, which is controlled by 
the AGC circuit 


e Input voltage limiter 


APPLICATION 
e IR Remote control systems 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP (SOT-38) -25°C to +125°C TDA3048N 
16-Pin Plastic SO (SOT-109A) 0 to +70°C TDA3048TD 


BLOCK DIAGRAM 


oer 
oer 


Ea 
Ea 


SYNCH. 
DEMODULATOR 


A.G.C. 
DETECTOR 


Foxe KILLING 


INPUT 
LIMITER 
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PIN CONFIGURATION 


D, N Packages 


15} INPUT SIGNAL 
114] Q FACTOR IN 


113} FEEDBACK CAP IN 


72] AGC DET TIME 
CONSTANT 
PULSE SHAPER 


INPUT SIGNAL [ 2 | 


FEEDBACK CAP IN [4 | 
FEEDBACK CAP IN [5 | 
FEEDBACK CAP IN [6 | 

110] COIL INPUT 


OUTPUT 
BUFFER 


853-0926 86562 
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FUNCTIONAL DESCRIPTION 


General 

The circuit operates from a 5V supply and has 
a current consumption of 2mA. The output is 
a current source which can drive or suppress 
a current of > 75yuA with a voltage swing of 
4.5V. The Q-killer circuit eliminates distortion 
of the output pulses due to the decay of the 
tuned input circuit at high input voltages. The 
input circuit is protected against signals of 
> 600mV by an input limiter. The typical input 
is an AM signal at a frequency of 36kHz. 
Figures 2 and 3 show the circuit diagrams for 
the application of narrow-band and wide-band 
receivers, respectively. Circuit description of 
the eight sections shown in the Block Dia- 
gram are given below. 


Controlled HF Amplifier 

The input signal is amplified by the gain- 
controlled amplifier. This circuit Comprises 
three DC amplifier stages connected in cas- 
cade. The overall gain of the circuit is approxi- 
mately 83dB and the gain control range is in 
the order of 66dB. Gain control is initially 
active in the second amplifier stage and is 
transferred to the first stage as limiting in the 
second stage occurs, thus maintaining opti- 
mum signal-to-noise ratio. Offset voltages in 
the DC coupled amplifier are minimized by 
two negative feedback loops. These also 
allow the circuit to have some series resis- 


ABSOLUTE MAXIMUM RATINGS 


tance of the decoupling capacitor. The output 
signal of the amplifier is applied to the refer- 
ence amplifier and to the synchronous de- 
modulator inputs. 


Reference Amplifier 

The reference amplifier amplifies and limits 
the input signal. The voltage gain is approxi- 
mately OdB. The output signal of this amplifier 
is applied to the synchronous demodulator. 


Synchronous Demodulator 

In the synchronous demodulator, the input 
signal and reference signal are multiplied. 
The demodulator output current is 25uA 
peak-to-peak. The output signal of the de- 
modulator is fed to the input of the AGC 
detector and to the input of the pulse-shaper 
circuit. 


AGC Detector 

The AGC detector comprises two NPN tran- 
sistors operating as a differential pair. The top 
level of the output signal from the synchro- 
nous demodulator is detected by the AGC 
circuit. Noise pulses are integrated by an 
internal capacitor. The output signal is ampli- 
fied and applied to the first and second 
stages of the amplifier and to the Q-factor 
killer circuit. 


Pulse-Shaper 
The pulse-shaper comprises two NPN tran- 
sistors operating as a differential pair con- 


SYMBOL PARAMETER RATING UNIT 


Voltages between pins! 
Pins 2 and 15 


Pins 4 and 13 
Pins 5 and 6 
Pins 7 and 10 
Pins 9 and 11 


Storage temperature range -65 to +150 | Ee 
Operating ambient temperature range -25 to +125 | | 


NOTE: 


1. All pins except Pin 11 are short-circuit protected. 
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nected in parallel with the AGC differential 
pair. The slicing level of the pulse shaper is 
lower than the slicing level of the AGC 
detector. The output of the pulse-shaper is 
determined by the voltage of the capacitor 
connected to Pin 11, which is applied directly 
to the output buffer. 


Output Buffer 

The voltage of the pulse-shaper capacitor is 
fed to the base of the first transistor of a 
differential pair. To obtain a correct RC-5 
code, a hysteresis circuit protects the output 
against spikes. The output at Pin 9 is active 
LOW. 


Q-Factor Killer 

Figure 2 shows the Q-factor killer in the 
narrow-band application. In this application it 
is necessary to decrease the Q-factor of the 
input selectivity particularly when large input 
signals occur at Pins 2 and 15. In the narrow- 
band application the output of the Q-factor 
killer can be directly coupled to the input; Pin 
3 to Pin 2 and Pin 14 to Pin 15. 


Input Limiter 
In the narrow-band application, high voltage 
peaks can occur on the input of the selectivity 
circuit. The input limiter limits these voltage 
peaks to approximately 0.7V. Limiting is 0.9V 
max. at ly = 3mA. 
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DC ELECTRICAL CHARACTERISTICS Voc = Vs = 5V; Ta = 25°C; measured in Figure 3, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | tye | Max 


Supply (Pin 8) 


[veo | Sumy volage—SOSC~=“‘*‘“‘*“‘“‘*S*S™S*~*dSCCRSSC*dCiSSCwSSC 
Tico | Svvny amet ——SSCSC~—“~‘“~*‘“‘“~*~S*S*sS fas tm 


Controlled HF amplifier (Pins 2 and 15) 


Minimum input signal (peak-to-peak value) 


_ 
o1 


Vo-1415 at f = 36kHz' 
Vo-45 at f = 36kHz° 


is 
< 


= 
< 


os, 
B.S 
oO 


< 


= 
< 


= 
< 


Q-killing range See Figure 1 


v 
0 


Outputs 


-V9-8 Output voltage HIGH (Pin 9) at -lp = 75yuA 


Vo Output voltage LOW (Pin 9) at lg = 75yA 


Output current; output voltage LOW 
-V9_9 = 4.5V 75 120 pA 
-Vo9-_8 = 3.0V 7a 130 UA 
Ig -Vo9_g8 = 1.0V 75 140 LA 


Output current; output voltage HIGH 
-Vo9 =6§,™ 0.5V 5 


R7~-1410 Output resistance between Pins 7 and 10 3.1 | 47 | 62 | kKQ | 


Pulse shaper (Pin 11) 

eer [om [ow [ow | 

Vi4 (voltage Pin 9 changes from HIGH to LOW) 3.75 4.05 V 
ono | oe | ow | | 

Va4 (voltage Pin 9 changes from LOW to HIGH) 3.4 3.7 V 

AGC detector (Pin 12) 

Q-factor killer (Pins 3 and 14) 


NOTES: 


1. Voltage Pin 9 is LOW; Ig = 75yA. 
2. Voltage Pin 9 remains HIGH. 
3. Undistorted output pulse with 100% AM input. 


2.45 


ae) 
aa 


‘ 
+e) 


oO 
ak 


: 


ee 
= 
Nh 
oO 
7 
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ee a ea Vs= 5. VOLT 
L ralllll 
ft 


DATA OUT 
V2-15 (mV) 7001380 
OP10780S 


NOTE: 
I3, 14 is Measured to ground, V2 _ 15(p.p) is a symmet- 
rical square wave measured in Figure 3; Voc = 5V. 


Figure 1. Typical Q-Factor Killer Figure 2. Narrow-Band Receiver Using TDA3048 
Current (Pins 3 and 14) as a 
Function of the Peak-to-Peak 
Input Voltage 


Vs = 5.0 VOLT 


TDA 3047/3048 


12/11] 10] 9) 


DATA OUT 


TCO1550S 


NOTE: 
For better sensitivity both 12k resistors may have a higher value. 


Figure 3. Wide-Band Receiver With TDA3048 
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Author: A.J.E. Bretveld 


INTRODUCTION 

As a successor of the current integrated 
circuits TCA440 and NE555 for receiving 
infrared remote-controlled signals, a new inte- 
grated circuit has been developed. 


In comparison with the TCA440-NE555 com- 
bination, this IC is aimed to have a higher 
replacement value and improved perfor- 
mance. The TDA3048 is equal to the 
TDA3047 except for the polarity of the output 
signal. 


GENERAL DESIGN 
CONSIDERATIONS 


The target of this development is to make a 
receiver integrated circuit for infrared remote- 
controlled signals which functions optimally in 
a narrow-band application. 


This integrated circuit shall have the following 
advantages in comparison with the present 
TCA440-NE555 combination: 

@ A higher replacement value 


@ A considerable saving of the current 
consumption 

@ An improvement of the specification 
(less spread) 


AN172 


Circuit Description of the 
Infrared Receiver TDA3047 / 


TDA3048 


Application Note 


@ Less periphery and no adjustment 
points 

@ Total spread on pulse widening < 10% 
by a standard RC-5 signal. 


Besides, the IC is also suitable to be usedina 
RC-5 extended receiver and in a wide band 
receiver. 


A standard bipolar process with single layer 
interconnect and without collector wall has 
been used. 


Due to the low currents, a collector wall is not 
necessary. 


FUNCTIONAL DESCRIPTION OF 
THE BLOCK PARTS 


Figure 1 shows the block diagram of the 
TDA3047 and TDA3048. 


Amplifier 

The input signal is amplifiec by the gain- 
controlled amplifier. The output signal of the 
amplifier is fed to the synchronous demodula- 
tor inputs and to the reference amplifier. 


Reference Amplifier 

The reference amplifier amplifies and limits 
the input signal. The output signal of this 
amplifier is fed to the synchronous demodula- 
tor. 


REFERENCE 
TI 


ee 
ee 


_LI 
DEMODULATOR 


Q-KILLING 


INPUT 


LIMITER 
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Figure 1. Block Diagram of the TDA3047/3048 
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Synchronous Demodulator 

In the synchronous demodulator, the input 
signal and reference signal are multiplied. 
The output signal of the demodulator is fed to 
the input of a pulse-shaper circuit and to the 
input of the AGC circuit. 


AGC Circuit 

The output signal of the synchronous demod- 
ulator is fed to the AGC circuit. The top level 
of the signal is detected by the AGC detector. 
Noise pulses are integrated by an internal 
capacitor. The output signal from the AGC 
detector is amplified and supplied to the first 
and second stage of the amplifier and to the 
Q-killing circuit. 


Pulse-shaper Circuit 

The output of the synchronous demodulator 
is also fed to the pulse-shaper circuit. The 
slicing level of the pulse-shaper is lower than 
the slicing level of the AGC detector. 


The output of the pulse-shaper is fed to the 
output buffer. 


Output Buffer 

The output buffer gives for the TDA3047 an 
active-high level and for the TDA3048 an 
active-low level on the output pin. To obtain a 
correct RC-5 code a hysteresis circuit pro- 
tects the output against spikes. 


16 


BD01381S 
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Circuit Description of the Infrared Receiver TDA3047/TDA3048 AN172 


Q-Killing Circuit The output of the Q-killing circuit can be APPLICATION 
In the narrow-band application it is necessary directly coupled to the input. The narrow-band application diagram has 
to degenerate the Q of the input selectivity Input Voltage Limiter been given in Figure 2 and a lower perfor- 


particularly when large signals occur at the jn the narrow-band application high voltage ™ance wide-band application diagram in 


input. peaks can occur on the input selectivity. The Figure 3. 
input limiter limits these voltage peaks to 
about 0.7V. 


Vs = 5.0 VOLT 


TDA 3047/3048 


16] 15| 14 13] 12] 11] 10] 9) 


DATA OUT 


TC01380S 


Figure 2. Narrow-Band Application Diagram of the TDA3047/3048 


Vs = 5.0 VOLT 


10nF 


1 7] 5) al elt] oe 


47nF 
TDA 3047/3048 


DATA OUT 


TCO01550S 


Figure 3. Wide-Band Application Diagram of the TDA 3047/3048 
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INTRODUCTION 

The monolithic integrated bipolar circuits 
TDA3047 and TDA3048 are amplifiers intend- 
ed for use in infrared remote control systems. 
Both circuits are excellent and applicable as 
narrow-band amplifiers, especially for those 
types of remote control concepts which use 
the modulated transmission technique. Under 
certain conditions both ICs are also applica- 
ble as broadband amplifiers. The only differ- 
ence between the ICs is polarity of the output 
signal. This type of IR amplifier offers the 
following advantages: 

@ Low power consumption, typically 

10.5mV 


@ Gain-controlled amplification, control 
range 66dB 


® High amplification factor, 
ensures a long range 


@ Great stability in signal handling 

® Demodulation via a synchronous 
demodulator 

@ Automatic limitation of large input 
signals, 600mV 

@ Independent of large input amplitude 
variations with a Q-killer 

@ Applicable as narrow-or broadband 
amplifier 


> 80GB, 
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Low Power Preamplifiers for IR 
Remote Control Systems 


Application Note 


This circuit proves to be a reliable device with 
regard to interference from other IR sources 
such as light bulbs, etc. 


The automatic gain control (AGC) ensures 
very good stability in amplification of large or 
low input signals, which correspond to short 
or long distances from transmitter to receiver. 


FUNCTIONAL DESCRIPTION 

The functional block diagram is shown in 
Figure 1. The input signal is applied to the 
gain-controlled multi-stage differential pream- 
plifier, capacitively-coupled via Co and C3. 
The capacitors C4 and Cs stabilize the differ- 
ential preamplifier. Hereafter the signal is fed 
to a synchronous demodulator and the refer- 
ence amplifier, which limits the input signal. 
After multiplication of the input and reference 
signal by the demodulator, the signal is ap- 
plied to a pulse-shaper, whose time constant 
is controlled by Cg. The same signal is also 
used for the feedback loop, resulting in an 
automatic gain control defined by the ampli- 
tude of the input signal. The AGC acquisition 
time is set by C7. The Q-killer limits the 
amplification of the tuned input circuit in 
conjunction with input amplitude. In this way 
the behavior of this device on large amplitude 


REFERENCE 
{~— 


CONTROLLED 
H.F. AMPLIFIER 


i 
| | DEMODULATOR 


INPUT 
LIMITER 


Figure 1. Functional Block Diagram 
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variations ensures a great stability in the 
signal handling. A maximum input limitation is 
achieved via the amplitude limiter, typically 
activated by a 600mV input signal. 


The differential preamplifier has, in principle, 
two stages, as shown in Figure 2. Each stage 
is stabilized via an external feedback capaci- 
tor. Both define the lower boundary of the 
frequency, with the greatest influence from C4 
because stage 1 has the highest gain. Both 
capacitors should be specified so that inter- 
ference from low frequencies is suppressed. 
For instance, bulbs radiate infrared frequen- 
cies at (n)(100HZz). 


The highest boundary in frequency of this 
amplifier is greater than 1MHz and is given by 
the internal capacitance of this device. 


IR AMPLIFIER 

For remote control systems two different 
types of amplifiers are available. Both are 
described in the following sections. 


Narrow-Band Amplifier 

The diagram of Figure 3 shows the 
TDA3047/48 in such an application. Pin 15, 
one of the differential inputs, is grounded for 
AC, while the second input, Pin 2, is connect- 
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LD01140S 


Figure 2 


fo = 36kHz 


TDA3047 


(TDA3048) 


DATA 
OUTPUT 


TC01520S 


TC01530S 


Figure 4 


ed to the tuned input circuit via a capacitor of 
0.056uF. The input voltage is taken with a 
transformer ratio N = 1:3. Direct coupling to 
the top will only lower the quality Q factor of 
the tuned input circuit, due to the relatively 
low input resistor, Rix, of the IC. 


The selectivity is obtained with the tuned 
input circuit and strongly reduces IR interfer- 
ences. The effect of direct IR radiation is also 


February 1987 


avoided. Due to the low ohmic resistance of 
the coil, the IR receiving diode will never 
become saturated. The center frequency of 
the input tank must be equal to the modula- 
tion frequency of the transmitter used. 


For this frequency (fo) the input tank has a 
high impedance. Small variations of the cur- 
rent of the IR receiving diode at fo result 
directly in large input signals. 
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This frequency (fo) is equal to 37.5kHz for the 
SAA3004 transmitting chip. The RC combina- 
tion of 472 and 0.33yuF suppresses the 
unwanted current variations caused by the 
supply line. 


The Q of the tuned input circuit is practically 
defined by the transformer ratio and the input 
resistor Riy of the IC. The effect of Riy to the 
quality Q; of the coil is negligible, because 
Rin is relatively low (typically 16kQ). 


The transformer ratio must be adjusted for 
small signals, so that the range is hardly 
influenced by component spread and/or tol- 
erances in frequency at both sides in the 
system. The Q can be calculated from: 


Viiv 


where R_,, is the ohmic resistance of the coil 
and the parallel resistor Rp = n@ Rij. 


With the component values shown in Figure 4 
and a given Ryy = 12522, Rij = 16kQ, the 
factor Q is calculated as Q = 13. The band- 
width is now known from 


fo 
Af = — = 2.9kHz 
Q 


The transformer ratio can also be realized 
with two capacitors in series, as shown in 
Figure 4, where the total capacity is equal to 
the required one. 


Ciat Crp 
Cib 


The ratio is n= 


With values of Ci, = 2.2nF, Cyp = 560pF and 
L; = 40mH, about the same input quality will 
be obtained. 


The AGC acquisition time and the time con- 
stant of the pulse-shaper are defined by the 
capacitors C7 and Cg, respectively. The time 
constant at Pin 12 equals the length of a 
received data bit and Cg delays the pulse- 
shaper output to the output stage. 


The Qg, of the tuned circuit of the synchro- 
nous demodulator is practically given by the 
internal resistance, Rij2, between Pins 7 and 
10 and is calculated from 


Rio —V/ = 
lo Rina ~ Ce 


with 1292 for Rua and 5kQ2Q for Rij, Qs ~ 7. 
The quality Qs is continuously limited. With a 
relatively high value for Qs, the acquisition 
time will be increased and this will delay the 
pulse edges. By amplification of ''biphase"' 
modulated signals, disturbances could occur 
in the decoding. For correct decoding of 
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Figure 5 


"biphase'' coded data, a nearly exact posi- 
tion of the pulse edges is required. 


Broadband Amplifier 

The application as broadband amplifier is 
shown in Figure 5. The IR receiving diode is 
now positioned between both differential in- 
puts, while the series resistors of 12kQ are 
the work resistors. The Q killer and Amplitude 
Limiter do not have any function here and are 
not used. Also the resonance frequency, fo, 
of the tuned demodulator circuit equals the 
modulation frequency of the remote transmit- 
ter. 

The charge current to capacitor Cg is equal to 


AVcs 
log = (Ca) —— 
cs = (Cg) ” 


where At is the charge time and A VCg is the 
voltage increment. ICg is generated by an 
internal current source. 


The voltage increment at Cg is proportional to 
At, with ICg constant and expressed as 


_ (Icg)(At) 

Cg 
The pulse width, At, of the demodulated 
signal must be large enough that VCg ex- 


ceeds the threshold voltage of the pulse- 
shaper. 


C8 


Given the format of the received data, Cg will 
have different values 


Pulse Width Cs 
8.8us 2.2nF 


A 2.2nF capacitor in the SAA3004 remote 
control system is an optimum one. 


SAA3004 
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The SAA3004, used in unmodulated mode, 
has a pulse width of 8.8us. Cg must have a 
low value so that the threshold voltage of the 
pulse-shaper is exceeded. On the other hand, 
if Cg becomes too small, interference pulses 
will easily trigger the pulse-shaper. The selec- 
tion of Cg is a compromise between the 
sensitivity of the amplifier and the immunity 
against interference. Such a compromise is a 
2.2nF capacitor for the unmodulated mode of 
the SAA3004, including the tolerances of the 
internal current sources. Given the technolo- 
gy, small tolerances are not possible. 


Correct operation can not be guaranteed for 
the combination of a small pulse width (8.8ys) 
and a low source current. However, practical 
tests did show that correct operation of the 
SAA3004, in the unmodulated mode in com- 
bination with this type of preamplifier, can be 
realized. 


CONSIDERATIONS FOR 
AMPLIFIER SELECTION 


The narrow- or broadband application is de- 
fined by the following points: 
@ Modulation mode of the transmitter 


@ Requirements for the reach in distance 

@ Reliability (insensitivity to interference) 

® Price-attractive total remote control 
system 


Either modulated or unmodulated data trans- 
mission is possible with the SAA3004. 


In the unmodulated mode, the logic represen- 
tation of the data word is defined by the time 
intervals between the generated output pul- 
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ses, each of 8.8us width. In the modulated 
output mode, each active output stage has a 
burst of 6 clock periods. 


The ground wave of this output, with a 
frequency of 38kHz, contains the IR power 
generated. 


The greatest sensitivity is realized with a 
narrow-band amplifier, whose tuned input cir- 
cuit is selected for this ground wave frequen- 
cy. 


In the unmodulated transmission mode, the 
single output pulse represents a continuous 
frequency spectrum, in which the generated 
IR power is divided. A broadband amplifier is 
then required. 


The greatest range, with constant-current 
through the IR transmission diode(s), will be 
obtained with a narrow-band amplifier, be- 
cause the signal-to-noise ratio is the largest 
value. 


When IR interference is absent, the combina- 
tion of modulated transmission mode and the 
narrow-band amplifier is the most preferable. 
With lower requirements for the reliability, 
less range, etc., the broadband amplifier is 
the most effective solution for both types of 
modulation modes. 


RANGE 

To give some idea what range can be ex- 
pected, a number of measurements are made 
with the remote transmitters SAA3004. 


With Various IR Output Powers 
Transmitter SAA3004 drives 1 IR-transmitting 
diode with a peak current IC=2A. In the 
modulated mode, the power product per bit 
equals 

(m) (IF) (n) (tp) 
where m = number of diodes, n = number of 
pulses per bit, and tp = pulse width. 


The power product for each bit is: 

@ Modulated mode (m) (Ir) (n) (tp) = (1) 
(2) (6) (8.8) = 106uA/sec 

@ Unmodulated mode (m) (IF) (n) (tp) = (1) 
(2) (1) (8.8) = 18uA/sec 


This power product is proportional to the 
generated IR power. Table 1 indicates the 
results of the measurements. Optic lenses 
will increase the distances about 10%. 


With Equal Output Power 
These measurements are done with one 
transmitting diode for each transmitter type 
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Low Power Preamplifiers for IR Remote Control Systems AN173 


Table 1. Distance Reach With Various Power Products the loss of power in the transmitter is of 


subordinate importance. 
SAA3004 


Modulated ee POWER DISSIPATION 
Power product 106yuA/sec | 1BuA/sec In comparison with older types of preamplifi- 


hancws hail ers, the power consumption is enormously 
Cg = 4.7nF reduced. For instance, the TDB2033 con- 

sumed 204mW at 12V supply, while the 
Broadband TDA3047/48 only takes 10mW at 5V supply, 
Cg = 2.2nF which is very useful for ''standby'’ mode. A 


second advantage is the 5V supply which can 


Table 2. Distance Reach With Constant Power Product of also be used by the decoding microcomputer. 
18uA/sec 


SAA3004 POSSIBLE APPLICATION 
COMBINATIONS 

Modulated Unmodulated In Table 3, the different combinations are 
Narrow-band given for remote control systems operating in 
Cy = 4.7nF 11mt 11mt the modulated or unmodulated mode. 
Broadband 

8mt 12mt 

Ce = 2.2nF mm OUTPUT SIGNAL 


As indicated in the introduction, the TDA3047 
Table 3. Application Possibilities has an active-high output signal, while an 
active-low output is generated by the 
SAA3004 TDA3048. This choice in polarity is made 


available for maximum cooperation with the 
lectivity, reliable active-low at input INT, the TDA3048 is then 


B a ; ; ible | L hI lectivity: j the correct amplifier. If the INT input is active- 
roadband unction only possible | Low reach, low se ectivity; inter- High, the TDA3047 outputs the proper high 
with small width output | ference. 


pulse; less reliable 


level. 


and the power product/bit constant at a. Only the combinations ''modulated and PC BOARD DESIGN 


18uA/sec. Table 2 is comprised of the results narrow-band amplifier’ are reasonable. Special attention must be given to the place- 
from these measurements. b. With the peak current Ir through one IR- ment of Cs. The greatest distance must be 
Results of the Measurements transmitting diode, the range with one IR __ realized between the position of this capacitor 


The results of the measurements can be diode is limited. and the inputs 2 and/or 15. Ground connec- 


summarized as follows: c. A maximum range is obtained using the tions and screening must also be done with 
modulated mode of data transmitting, but 9"eat accuracy. 
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DESCRIPTION 


The integration into a single package of 
all small-signal functions (except the 
tuner) required for color TV reception is 
achieved in the TDA4501. The only addi- 
tional circuits needed to complete the 
receiver are a tuner, the deflection out- 
put stages, and a color decoder. The 
TDA3563 or 67, NTSC color decoder, 
and TDA3653, vertical output, are ideal 
complements for the TDA4501. 


The IC includes a vision IF amplifier with 
synchronous demodulator and AFC cir- 
cuit, an AGC detector with tuner output, 
an integral three-level sandcastle pulse 
generator, and fully synchronized verti- 
cal and horizontal drive outputs. A trig- 
gered vertical divider automatically 
adapts to a 50 or 60Hz vertical signal 
and eliminates the need for an external 
vertical frequency control. 


Signal strength-dependent, time con- 
stant switches in the horizontal phase 
detector make external VCR switching 
unnecessary. 


Sound signals are demodulated and am- 
plified within the IC in a circuit which 
includes volume control and muting. 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
28-Pin Plastic DIP (SOT-117) -25°C to +65°C TDA4501N 


ABSOLUTE MAXIMUM RATINGS 


December 2, 1986 


SYMBOL PARAMETER 
Total power dissipation 
Storage temperature range 


TDA4501 


small-Signal Subsystem IC 


for Color TV 


Product Specification 


FEATURES 

e Vision IF amplifier with 
synchronous demodulator 

e AGC detector for negative 

modulation 

AGC output to tuner 

AFC circuit 

Video and audio preamplifiers 

Sound IF amplifier and 

demodulator 

e Choice of sound volume control 
or horizontal oscillator starting 
function 

e Horizontal synchronization circuit 
with two control loops 

e Triggered divider system for 
vertical synchronization and 
sawtooth generation giving 
automatic amplitude adjustment 
for 50 or 60Hz vertical signal 

e Transmitter identification circuit 
with mute output 

e Sandcastle pulse generator 


APPLICATION 
e Color TV 


-25 to +65 
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RATING UNIT 
; V 


PIN CONFIGURATION 


AGC 
TAKEOVER 
RAMP 

GEN 


VERT DRIVE 


IF IN 
DECOUP CAP 


VOLUME 
CONTROL! 
AUDIO OUT 
SOUND 
DEMOD 


SOUND IF 
DECOUP 


N Package 


FREQ 
CONTROL 


HORIZ OSC 


COIN DET 
DECOUP 
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BLOCK DIAGRAM 


28 7 
GATING Z PHASE 1 7 ld at HORIZONTAL PHASE 2 7 eat. 
DETECTOR 


CONSTANT 
CIRCUIT eunmcns OSCILLATOR DETECTOR CIRCUIT 


BURST i VERTICAL 
COINCIDENCE NOISE KEY BLANKING 


2 
® 
DETECTOR INVERTER DETECTOR CIRCUIT GENERATOR 
19 
) 


1 

() 

5 bie TRIGGERED bees peren 
FILTER 


SEPARATOR DIVIDER 


i) 


8 
im IF OVERLOAD SYNCHRONOUS SOUND CONTROL 


9 
0 AMPLFIER DETECTOR DEMODULATOR DEMODULATOR CIRCUIT 
VIDEO SOUND IF 


AMPLIFIER AMPLIFIER 


1 
@ 
® 


BD08191S 
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Small-Signal Subsystem IC for Color TV TDA4501 


DC AND AC ELECTRICAL CHARACTERISTICS Voc = V7_6 = 10.5V; Ta = 25°C, unless otherwise aaa 


MIs 
aie — win [tye | mex | 


Supplies 


‘Sopiee OSCSC~“*~S*S*S*S*~“—*~S*S*S*S*S~“S~*~Ss*s*S~“Ss~sSSSSC“‘“ SSS 
Voc Sion wolage Gm) ——S~=~“‘“‘*S*S*~*~rC(i CdS wa 
Pics | Sim eurent Pn) —SSCSC~“~*~“‘“‘~*~*~*~é~stS*SC“C~*é~dtCSdP mm 
vice | Sippy volage Oty —SSCSC=~—“‘~‘“~*~*“*~*~sSC“‘*é‘“sRSOS*SSSC*dSC 
Cin | Sim curent (in 11) for Foran caciaworsa’ ———=SC~tSSC*idtSCiS)SS 
veo | Fout sonsvty at s00meT —SSC~=~“‘*‘*~é‘*rtSCé SCY 
Vo-0 | tet sonatiy at 57ers ——SSSCS~*~“~*~*~*~*~*~é~rSCS*~“‘“*tCSSSSSSC*dSC 
Rens | Dierental pit esstance Pew ———=S~—C‘*N#*SSSSC*CO 
co-s | Dierental input capactace mt) ———=S~sC‘“‘CSOSSSOdYSC 
a 
a 


AVi7-6 Expansion of output signal for 50dB variation of input signal with 
Vg_9 at 150uV (OdB) 


Video amplifier 


ves [eros TT TT 
(zero point of switched demodulator) 

i Vir-6 | 6 —_ a al top sync | Output signal top sync level?@ sd | Output signal tcp sync level? i ss—(‘i‘aLSti ‘(tw 
Vir-eem | Ample of vido ouput signal eckiopeck van) =| =| | Sd 
ira | trtmel bia curont of ouput vansistr (NPN emiteriotowen | t# | 20 | | ma 
Pew | Sendwithof deroduted ouout sgn] ||| 
[aan | oar oi Pome ye 
OS 


Intermodulation (Figure 4) at gain control = 45dB 
f = 1.1MHz; blue; 

f = 1.1MHz; yellow; 

f = 3.3MHz; blue; 
f = 3.3MHz; yellow 


Signal-to-noise ratio® 
Zs = 7522 
V; = 10mV 

End of ah control range 


aa Residual 2nd harmonic of carrier signal a 
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Small-Signal Subsystem IC for Color TV TDA4501 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = V7-¢ = 10.5V; Ta = 25°C, unless otherwise 


specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | typ | Max 


Tuner AGC4 


Vi-6 Take-over voltage (Pin 1) for positive-going tuner AGC 3.5 V 
(NPN tuner) 


Vi-6 Take-over voltage (Pin 1) for negative-going tuner AGC V 
(PNP tuner) 


Pvscommsy | Staring point wkeoverV=sev=S~S*~“‘~*~*~*~sSC~<aSYSOdY 
re 


Input signal variation complete tuner control | os | 2 | 4 | 


AFC circuit (Pin 18)° 


AFC output voltage swing 
Available output current 


Control steepness 
100% picture carrier 40 mV/kHz 
10% picture carrier 15 mV/kHz 


Output voltage at nominal tuning of the reference-tuned circuit 


V45LIM 


Input limiting voltage 
Vo = Vo maximum -3dB; Q, = 16 400 pV 
far = 1kKHz; fo = 5.5MHz 


AM rejection (Figures 7 and 8) 
AMR V; = 10mV 
AMR V; = 50mV 


AF output signal Af = 7.5kHz; minimum distortion 320 P| mv 
THD Total harmonic distortion Af = 27.5kHz oe % 


Ripple rejection 
RR fk = 100Hz, volume control 20dB 
RR when muted 


Output voltage Mute condition 
Signal-to-noise ratio weighted noise (CCIR 468) 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc = V7_6 = 10.5V; Ta = 25°C, unless otherwise 


specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
min | tye | Max 


Volume control 


| Volume contro 
[Vise | Voltage (Pin 11 disconnected) | | | 
piv | Gurrent (Pin 11 shortcireuites | tm 
[Rive | External control resistor | tT 
|__| Suppression output signal during Mute condition | ||| 
| | Siicing level syne separator | 
| | Holding range PLL | 800 | tt | 1500 |e 
| | atehing range PLL wt J Oe 


Control sensitivity 
video-to-oscillator; at weak signal 

at strong signal during scan 

during vertical retrace and during catching 


Second control loop (positive edge) 


Atp/ Ato Control sensitivity a ee ee eee 
ht Control range 


[es | | «= 
Phase adjustment via second control loop; 
control sensitivity 25 MA/ ps 
maximum allowed phase shift re Us 


Horizontal oscillator (Pin 23) 


fer Free-running frequency 
R = 35kQ; C = 2.7nF 


Spread with fixed external components 


Frequency variation due to change of supply voltage from aa 
8 to 12V 


Horizontal output (Pin 26) 
rVas-8 | OuputvotageHGHSS~SCSSSSC 
[Vas-< | Ouput votage a which protecion commences 
Output voltage LOW at log = 10MA a 
ae 
eas 


8 | Duty cycle of horizontal output signal 
Rise and fall times of output pulse 
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Small-Signal Subsystem IC for Color TV TDA4501 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc = V7_¢ = 10.5V; Ta = 25°C, unless otherwise 


specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | typ | Max 


Flyback input and sandcastle output 


[Fiyback input and sandcaste outpst———SSOS~“~S*~“‘*S*~“~*~“<~<S~Ss~<S*sStSSSSS 
"ier | Int euentrequred ang back pune ——=S~S~*~rCi Sd 
Vers | Output vonage ang bust key puss ———SSSSCS~rC( SSC 
Verne | Output wotage ing rorzonal banking ——=—SCS~*~rCi || 
Vera | Output wotage ving veil banking ——=~=~=“‘~*S*sdCN@~S*dY ae] ee | 
| wan of oust key pune ——SSSCSC*~=~“~*~*~*~sC tf tw | 
Se 


Width of vertical blanking pulse 
50Hz working 
60Hz working 


Delay between start of sync pulse at video output and rising US 
edge of burst key pulse 


Coincidence detector mute output (Pin 22) 


ee 
[8 


Vo00-6 Switching level to activate mute function (transmitter 
identification) 


129(P-P) Output current for in-sync condition (peak-to-peak value) 
Vertical ramp generator (Pin 2) 


[input curent durrg scan SSCSC~<—~s~‘SC“‘( CYS 

[Discharge curent ing otace —SSSSSCSC*iSSCSC~“‘(;!SCOBSCCY A 
Vertical output (Pin 3) 

re | Oupmtowert—SSCSC~SCSCSCSCSCSCCCTSSC*dSCSSC*dSC Tm 
Ase | Ouputinpecencs ———SSSC~“‘*‘*~*é*sSC“‘(L O~*|”SCS™~C*dSSCOURCS 


Feedback input (Pin 4) 


Input voltage 
DC component 
AC component (peak-to-peak value) 


Input current 


NOTES: 


1. Typical value taken at starting level of AGC. 

2. Signal with negative-going sync, maximum white level 10% of the maximum sync amplitude (see Figure 2). 
Vo(black-to-white) 

Vicams) at B = 5MHz 

4. Starting point tuner takeover NPN current 1.8mA; 


3. Signal-to-noise ratio equals 20log 


5. Vrms) = 10mV; see Figure 1; Q-factor = 36. 
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Small-Signal Subsystem 


FUNCTIONAL DESCRIPTION 


IF Amplifier, Demodulator, and 
AFC 


The IF amplifier has a symmetrical input (Pins 
8 and 9), the input impedance of which is 
Suitable for SAW filtering to be used. The 
synchronous demodulator and the AFC circuit 
share an external reference tuned circuit 
(Pins 20 and 21). An internal RC network 
provides the necessary phase-shifting for 
AFC operation. The AFC circuit provides a 
control voltage output with a swing greater 
than 9V from Pin 18. 


AGC Circuit 

Gating of the AGC detector is performed to 
reduce sensitivity of the IF amplifier to exter- 
nal electrical noise. The AGC time constant is 
provided by an RC circuit connected to Pin 
19. Tuner AGC voltage is supplied from Pin 5 
and is suitable for tuners with PNP or NPN RF 
stages. The sense of the AGC (to increase in 
a positive or negative direction) and the point 
of tuner take-over are preset by the voltage 
level at Pin 1. 


Video Amplifier 

The signal through the video amplifier com- 
prises video and sound information; there- 
fore, no gating of the video amplifier is 
performed during flyback periods. 


December 2, 1986 


IC for Color TV 


Sound Circuit and Horizontal 


Oscillator Starting Function 

The input to the sound IF amplifier is obtained 
by a bandpass filter coupling from the video 
output (Pin 17). The sound is demodulated 
and passed via a dual-function volume con- 
trol stage to the audio output amplifier. The 
volume control function is obtained by con- 
necting a variable resistor (10k92) between 
Pin 11 and ground, or by supplying Pin 11 with 
a variable voltage. Sound output is sup- 
pressed by an internal mute signal when no 
input signal is present. 


The horizontal oscillator starting function is 
obtained by supplying Pin 11 with a current of 
6mA during the switching-on period. The IC 
then uses this current to generate drive 
pulses for the horizontal deflection. For this 
application, the main supply voltage for the IC 
can be obtained from the horizontal deflec- 
tion circuit. 


Vertical Divider System 

A triggered divider system is used to synchro- 
nize the vertical drive waveforms, adjusting 
automatically to 50 or 60Hz working. A large 
window (search window) is opened between 
counts of 488 and 722; when a separated 
vertical sync pulse occurs before count 576, 
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Product Specification 


TDA4504 


the system works in the 60Hz mode; other- 
wise, 50Hz working is chosen. 


A narrow window is opened when 15 ap- 
proved sync pulses have been detected. 
Divider ratio between 522 and 528 switches 
to 60Hz mode; between 622 and 628 
switches to 50Hz mode. 


The vertical blanking pulse is also generated 
via the divider system by adding the anti- 
topflutter pulse and the blanking pulse. 


Line Phase Detector 
The circuit has three operating conditions: 


a. Strong input signal and synchronized. 
b. Weak signal and synchronized. 


c. Non-synchronized (weak and strong) sig- 
nal. 


The input signal condition is obtained from 
the AGC circuit. 


DC Volume Control/Horizontal 
Oscillator Start 

The operation depends on the application. 
When during switch-on no current is supplied, 
Pin 11 will act as volume control. When a 
current of 6mA is applied, the volume control 
is set to maximum and the circuit will gener- 
ate drive pulses for the horizontal deflection. 
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O HORIZONTAL FLYBACK 


VERTICAL 
DRIVE 


VERTICAL 
FEEDBACK 


TUNER AGC* 


Veo + © 


IF INPUT O 


TC19851S 


OP16070S 


Figure 2. Video Output Signal 
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22 26 32 3% 40 44 48 52 56 60 64 us 


OP16060S 


Figure 3. EBU Test Signal Waveform (Line 330) 


SC: SOUND CARRIER LEVEL 
CC: CHROMINANCE CARRIER LEVEL 
PC: PICTURE CARRIER LEVEL 


ALL WITH RESPECT TO TOP SYNC LEVEL 


Figure 4. Input Signal Conditions 


TEST SPECTRUM 
CIRCUIT ANALYZER 


+ 
cc | GAIN SETTING ADJUSTED 
GENERATOR — FOR BLUE; V.,=2.5V 


34.5MHz = 


Figure 5. Test Setup Intermodulation 
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Fil AM i 
tmasMete HIGH-PASS 
m=0.3 


Af = 27kHz 


V, (4B) 
OP15890S 


Figure 6. S/N Ratio as a Function of 


the Input Voltage Figure 7. Test Setup AM Suppression 


Coe 


FLT TAT Tt 
PTT TAT TT 
BEEP ARR 
PTA TT ty TT 
STITT T TTT ttt 


g 
z 
: 
: 


OP15910S 


Figure 9. Volume Control 


Figure 8. AM Rejection Characteristics 
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Ssmall-Signal Subsystem IC for 
Color TV With Video Switch 


Objective Specification 


Linear Products 


DESCRIPTION e Tuner AGC PIN CONFIGURATION 
The TDA4502 is a TV subsystem circuit » arc circuit with on/off switch 
intended to be used in color TV receiv- ° Vid lifi AGC D paseo DET 
ers. It is similar to the TDA4505, with the ° \'C@0 Preampilier TAKEOVER ST eater 
exception that it has no sound IF circuit © Video switch for an external RAMP GEN OUT/FB IN 
or audio preamplifiers. Instead, it has a Video signal VERT DRIVE DRIVE OUT 
video switching input circuit for switching © Horizontal synchronization circuit VERT SYNC SEP 
an external video signal. with two control loops NER PHASE 1 DET 
FEATURES e Vertical synchronization (divider HORIZ OSC 
e Vision IF amplifier with system) and sawtooth generation COIN DET 
synchronous demodulator e Sandcastle pulse generation 57] SYNC DEMOD 
e AGC detector suited for negative 30] SYNC DEMOD 
modulation 


VIDEO OUT [14} 15} surreal IN2 
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Small-Signal Subsystem IC for Color TV With Video Switch TDA4502 


BLOCK DIAGRAM 
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DESCRIPTION 


The TDA4503 combines all small-signal 
functions (except the tuner) which are 
required for monochrome TV receivers. 
For a complete monochrome TV receiv- 
er only power output stages are required 
to be added for horizontal and vertical 
deflection, video and sound. This part is 
designed to work with the TDA3561, 
Vertical Output IC. 


The TDA4503 can also be used in low 
cost color television receivers. 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
28-Pin Plastic DIP (SOT-117) -25°C to +65°C TDA4503N 
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TDA4503 


small-Signal Subsystem for 
Monochrome TV 


Product Specification 


FEATURES 


e Vertical sync separator and 
oscillator 


e Video preamplifier 


PIN CONFIGURATION 


VERT OSCIN | 1 | 


e AGC detector 
e Sync separator 
e Horizontal synchronization 


e Vision IF amplifier and 
synchronous demodulator 


e Tuner AGC 
@ AFC circuit 


e Sound IF amplifier and 
demodulator 


e Audio preamplifier with DC 
volume control 


e Gate pulse generator 


APPLICATIONS 
@ Television receiver 
e CATV converter 
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VERT DRIVE 
our L2 


VERT DRIVE 
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FLYBACK 
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AGC OUT 
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Vec 

IF IN 
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GND 

VOL CONTROL 
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SOUND IF 
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HORIZ DRIVE 
27} Out 


py HORIZ PHASE 
DET FILTER 
py AGC TIME 
CONSTANT 


33] HORIZOSC 
HORIZ OSC 

SUPPLY VOLT 

34] SYNC DEMOD 
SYNC DEMOD 


IF AMP 
DECOUP 


15} SOUND IF IN 
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BLOCK DIAGRAM 


20 
TDA4503 
90° 
PHASE SHIFT 


OVERLOAD SYNCHRONOUS 
DETECTOR DEMODULATOR 


COINCIDENCE 
DETECTOR 
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& 
AFC STAGE 
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CIRCUIT OSCILLATOR 


TUNER Aac HORIZONTAL 


OUTPUT STAGE OUTPUT STAGE 
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Small-Signal Subsystem for Monochrome TV TDA4503 


ABSOLUTE MAXIMUM RATINGS 


DC AND AC ELECTRICAL CHARACTERISTICS V7_ 10 = 10.5V; V22-10 = 10.5V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | typ | Max 


Supplies 


Supp 
vr | Supow wage Pr SSCS~<“~*~*~*~*~*~*~*SsS~sYS SSC SP 
rr Spy ourent Pn) SSSSCSC~—~—sSCSCSSCSC*d Cr] | 
a 
lee | Supply curent (in 22” SSC~=~<“~*~*~‘“*‘“—*~*~*~*é*dSC“‘([. Ss ~C*'t;C | 
[ror | Total power dissipation SSCSC~—~sS~sYSSC‘(RC“ OWS; 
Vision IF amplifier (Pins 8 and 9) 
[input sonsiviy at oo wHe® SSSCS~*~«idSC=C‘aSCC TS 
3 


CF 


Expansion of output signal (Pin 17) for 50dB variation of input signal 
7 (Pins 8 and 9) 


Video amplifier4 


2W 
Gi7 i 


Vg-9 
Re-9 
Cg_9 
Vg-9 


> 

= 

N 

PS 
~ 
a 


Differential gain® (Figure 5) 
Differential phase® (Figure 5) 
Video non-linearity over total video amplitude (peak white to black) 


Intermodulation (Figures 6 and 7) at gain control = 45dB 
f = 1.1MHz; blue 
f = 1.1MHz; yellow 
f = 3.3MHz; blue 
f = 3.3MHz; yellow 


Signal-to-noise ratio’ 
S/N at V; = 10mV dB 
S/N at end of AGC range dB 
S/N as a function of input signal 


Residual AM of intercarrier output signal® a ee 
Residual 2nd harmonic of carrier signal a ee eee 


= 
BS 
an aa 
x |sere 
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Small-Signal Subsystem for Monochrome TV TDA4503 


| 
DC AND AC ELECTRICAL CHARACTERISTICS (Continued) V7_- 10 = 10.5V; V22-10 = 10.5V; Ta = 25°C, unless 


otherwise specified. 


LIMITS | 
SYMBOL PARAMETER UNIT 
| min | typ | Max 


Tuner AGC? 


PimerasehSOSC~“—sSC“—SsSSSC“‘“SSSSSSSCS 
Vento | Takeover votage (Pin 4) for postive going wner AGC WAN wrep | [as |v 
Years) | Staring pit takeover at Ve-1o=5V MS vai) ——=SS*YSSC*dt ow || 
Years) | Stang point takeover at Ve-10= 12V (MS vai) ——~SCS~dSCim |] 


AVg-9 Input signal variation required for complete tuner control 
AFC circuit (Pin 16)'° 


Vie-10(P-P)| AFC output voltage swing (peak-to-peak value) 


- Available output current 


3 


a 


3 


, : 


Control steepness at 


mV/kHz 


100% picture carrier 
—— mV/kHz 


10% picture carrier 


Vi6—10 Output voltage at nominal tuning of the reference-tuned circuit 
Vi6-10 Output voltage without input signal 2.7 


V45LIM Input limiting voltage'' (RMS value) at Vo = Vo max-3dB 
Input resistance at ViiRms) = 1mV 


Ci5~10 Input capacitance at ViiRms) = 1mV 


+ 
=o 
fo.) 
= 5 
— 
oO 


- 


= © a 
ni vi< 


AM rejection (Figures 7 and 8) at 


AMR V) = 10mV 
AMR V) = 50mV 


V12-6RMS)| AF output signal'? (RMS value) 


Z12-10 AF output impedance 
THD Total harmonic distortion’? 


| 


aad aa 
‘- - rales fee 


150 


Ripple rejection at 


fx = 100Hz, volume control 20dB 
when muted 


DD 
DD 


SIN | Signalio-nisevatc; weighted noise (GOR 466) TST | 
Volume control 

FVir=10 | Votiage Pn tt disconnected ———SSSCSC~“‘~‘“—*é~sSC“‘SV OO} CYCLO 

Fin | Curent (Fin 1 connected to gun) SSSSCSC~sSCSC~‘“RSSC*dSSSC*dSmA 

Ainv0 | Edema! contolresitr® ss SSC~=<“~*~*~sSC“‘(L. BCLS 

| Suppression of output signal during mute condition =| S| |i? 
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Small-Signal Subsystem for Monochrome TV TDA4503 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) V7 _ 49 = 10.5V; V22- 10 = 10.5V; Ta = 25°C, unless 


otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | typ | Mex 


Horizontal synchronization 


[Horizontal synchronizton ——=SCSC~*~“‘~*~“‘“‘S*S*S*S*S*S*C<“‘*‘“‘*SSSSSSCSSCSCS 
T | Stang vet syne separ ——SSCSC~“~*~*~‘“‘“‘~*~*é~*SC“‘“;!SONC*DSSSC‘dSSCw 
[| Praseiockes top hoting vrge—SSSCS*~*~*~S~S~™:«C | 0 | OO | 
[| Praseiockes top catching ange ——=S*~*~“*“‘*~‘~*~*~*stCM*dYCO YC 
-F ontorsensviy veo to fybacr® ———SSCSC~*~“~‘“~*~“‘~*~*~sS*~“‘dtCtSY*dC 


Delay between leading edge of sync pulse and zero cross-over of 
sawtooth (Pin 5) a 


Horizontal oscillator (Pin 23) 


ten | Freownning requenoy R= 280; O=amF —~S~S*~*~“~*‘“~*~*~drSCS*C*~“C~*idSCS OT 
meer 


Maximum frequency deviation (V7.1 = 8V) 
Horizontal output (Pin 27) 


Flop Output current 
| Ror Output impedance 


lo7 

R27 

V07-10 Output voltage at lo7 = 5mA 
V27 - 22 


fa Duty factor of horizontal output signal’® 
Rise and fall times of output pulse 


Flyback input (Pin 5) 
Amplitude of input pulse 


=" 
x 
r=) 
I 

° 
@) 
1 


no — 
oa 
<< 


< 
a 


T 
a 

i 
. 


Voltage at which gate pulse generator changes state'’ 


Voltage for in-sync condition 

Voltage for no-sync condition (no input signal) 

Voltage level for phase detector to switch from slow to fast 
ae Fast-to-slow hysteresis 


Voltage level to activate mute function (transmitter identification) 
| loop) Output current for in-sync condition (peak-to-peak value) 


>) 
N 
= 
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unless 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) V7 _ 49 = 10.5V; Vo2_149 = 10.5V; Ta = 25°C, 


otherwise specified. 


LIMITS 
SYMBOL PARAMETER | UNIT 
| min | typ | Mex | 


Vertical oscillator (Pin 1) 


fre | Free-running frequency at C = 220nF; R = 560kQ 
Ld Spread with fixed external components 


Holding range at nominal frequency 
Temperature coefficient 


Af Frequency variation due to change of supply voltage from 
re 9.5 to 12V 


Pi Leakage current at Pin 1 


Vertical output (Pin 2) 


fe | Output current 
PRe | Output resistance 


Feedback input (Pin 3) 


ie) 
x 
— 
oO 
i 
° 
@) 
1 


Input voltage 


B.S 


=— oO 
wm oO 


V3-10 DC component 0 


V3 - 10(P-P) AC component (peak-to-peak value) 


Pig | Input current 
| Alp Non-linearity of deflector current at V7.49 = 10.5V 


Delay between leading edge of vertical sync and start of vertical 
oscillator flyback 
NOTES: 


1. The horizontal oscillator can be started by supplying a current of 6mA to Pin 22. Taking this current from the mains rectifier allows the positive 
supply voltage to Pin 7 to be derived from the horizontal output stage (the load current of Pin 27 is additional to the 6mA quoted). 
. At start of AGC. 


. Measured with 0dB = 200uV. 

. Measured at 10mV (RMS) top sync output signal. 

. Signal with negative-going sync; top white = 10% of the top sync amplitude. 

. Measured with test line as shown in Figure 3. The differential gain is expressed as a percentage of the difference in peak amplitudes between the 
largest and smallest values relative to the subcarrier amplitude at blanking level. The differential phase is defined as the difference in degrees 
between the largest and smallest phase angles. 

7. Measured with a source impedance of 752. 


Vo black-to-white 
Vi(Rms) at B = 5MHz 
8. Measured with a sawtooth-modulated input signal: m = 90%; VipRms) = 10mV; 


Oonr © DY 


Signal-to-noise ratio = 20log 


Vo SC at top sync-Vo SC at white 
Amplitude modulation = ———————_————_—_ X* 100%. 
Vo SC at top sync + Vo SC at white 
(SC = sound carrier) 
9. Starting point of tuner take-over for an NPN tuner is when Ig = 1.8mA, and for a PNP tuner is when Ig = 0.2mA. 
10. Measured at Vg.qRms) = 10mV and Pin 16 loaded with 2 X 100k92 between V7 and ground. Reference tuned circuit Q-factor = 36. 
11. Reference tuned circuit Q-factor = 16; audio frequency = 1kHz; carrier frequency = 5.5 MHz. 
12. The demodulator tuned circuit must be tuned for minimum distortion; output signal is measured at Af = 7.5kHz; other measurements are at 
Af = 27.5kHz. 
13. Volume control can be realized by a variable resistor (5k92) connected between Pin 11 and ground, or by a variable voltage direct to Pin 11 (the 
low value of input impedance to Pin 11 must be taken into account). 
14. The sync separator is noise-gated; the slicing level is referred to the top sync level and is independent of the video signal. The value stated is a 
percentage of the sync pulse amplitude, the level being dependent on external resistors connected to Pin 26. 
15. The phase detector current is increased by a factor of seven during catching and when the phase detector is switched to 'fast' via Pin 28, thus 
ensuring a wide catching range and a high dynamic loop gain. 
16. The negative going edge initiates switching-off of the line output transistor (simultaneous driver). 
17. The circuit requires an integrated flyback pulse. Gate pulses for AGC and coincidence detectors are obtained from the sawtooth waveform. 
18. The functions of in-sync, out-of-sync, and transmitter identification are combined on Pin 28. For the reception of VCR signals, Vog must be fixed 
between 3V and 4.5V so that the time constant is fast and sound information is preserved. 
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FUNCTIONAL DESCRIPTION 


IF Amplifier, Demodulator, and 
AFC 


The IF amplifier operates with symmetrical 
inputs at Pins 8 and 9 and has an input 
impedance suitable for SAW filter application. 
The amplifier sensitivity gives a peak-to-peak 
output voltage of 3V for an RMS input of 
70uV. The demodulator and the AFC circuit 
share an external reference tuned circuit 
(Pins 20 and 21) and an internal RC network 
provides the phase-shifting necessary for 
AFC operation. The AFC circuit provides a 
control voltage output with a (typical) swing of 
9V from Pin 16 (Vcc = 10.5V). 


AGC Circuit 

Gating of the AGC detector is performed to 
reduce sensitivity of the IF amplifier to exter- 
nal electrical noise. The AGC time constant is 
provided by an RC network connected to Pin 
24. The typical gain control range of the IF 
amplifier is 60dB. Tuner AGC voltage is 
supplied from Pin 6 and is suitable for tuners 
with PNP or NPN RF stages. The sense of 
the AGC (to increase in a positive or negative 
direction) and the point of tuner takeover are 
preset by the voltage level at Pin 4 (V4 = 3.5V 
(typ.) for positive AGC; V4 =8V (typ.) for 
negative AGC). 
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Video Amplifier 

The video signal output from Pin 17 has a 
peak-to-peak value of 3V (top sync lev- 
el = 1.5V) and carries negative-going sync. In 
order to retain sound information at Pin 17, 
the video signal is not blanked during flyback 
periods. 


Sound Circuit 

The sound IF signal present at the video 
output (Pin 17) is coupled to the sound circuit 
by a bandpass filter to Pin 15. The sound 
circuit has an amplifier-limiter stage, a syn- 
chronous demodulator with reference tuned 
circuit at Pin 13, a volume control stage, and 
an output amplifier. The volume control has a 
range of approximately 80dB and the audio 
output signal at maximum volume and with 
Af =7.5kHz is 320mV (RMS value). The 
sound output signal is suppressed when no 
input signal is detected. 


Synchronization Circuits 

The sync separator slicing level is determined 
by an external resistor network at Pin 26. The 
slicing level is referred to the top sync level 
and the recommended value for slicing is 
30%. Internal protection from electrical noise 
is included. 


A gated phase detector compares the phase 
of the separated sync pulses with a sawtooth 
waveform obtained from the flyback pulse at 


6-21 


Pin 5. In sync and out-of-sync conditions are 
detected by the coincidence detector at Pin 
28 (this circuit also gives transmitter identifi- 
cation). During the out-of-sync condition, gat- 
ing of the phase detector is switched off and 
the output current from the phase detector 
increases to give the detector a short time- 
constant and thus a fast response. This 
condition can be imposed by clamping the 
voltage at Pin 28 to 3.5V for the reception of 
VCR signals. 


The horizontal oscillator frequency is con- 
trolled by the output voltage of the phase 
detector circuit. The horizontal drive output 
from Pin 27 has a duty factor of 40%. 


Vertical sync pulses are separated by an 
internal integrating network and are used to 
trigger the vertical oscillator. A comparator 
Circuit compares the vertical sawtooth wave- 
form, generated by the vertical oscillator, with 
feedback from the deflection coils, and 
supplies the drive voltage for the output stage 
at Pin 2. 


Power Supplies 

The main supply is to Pin 7 (positive supply) 
and Pin 10 (ground). The horizontal oscillator 
is supplied from Pin 22 to facilitate starting of 
the oscillator from a high-voltage rail. A spe- 
cial ground connection at Pin 19 is used by 
critical voltage dividers in the feedback loops 
of the vision and sound IF circuits. 
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if 3.3V 
VCR SWITCH 
27 


= HORIZONTAL 
OUTPUT 


TUNER AGC 
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IF INPUT 


TC19871S 


Figure 1. Application Circuit Diagram 


32 36 40 44 48 52 56 60 64 us 


OP16060S 
OP16070S 


Figure 2. Video Output Signal Figure 3. EBU Test Signal Line 330 
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pt 
Se 


| 

PCO 
or 
BP ARRBERSee 
ARERSRE SERS 
SRR 
PT TTT tT tt TT 


BLUE 


SC: SOUND CARRIER LEVEL 

CC: CHROMINANCE CARRIER LEVEL 

PC: PICTURE CARRIER LEVEL 

OP15890S 

ALL WITH RESPECT TO TOP SYNC LEVEL 

Figure 6. Signal-to-Noise Ratio as a 
Function of Input Voltage 


OP16030S 


Figure 4. Input Signal Conditions for Intermodulation Test 


REJECTION (dB) 


OP15900S 


Figure 8. Typical Amplitude Modulation 
Rejection Curve 


NOTE: Vo at 4.4MHz 

Value at 1.1MHz = 20log ———_ + 3..6cB; 
Vo at 1.1MHz 
Vo at 4.4MHz 


Value at 3.3MHz = 20log ——————_ 
Vo at 3.3MHz 


Figure 5. Circuit for Intermodulation Test 


HIGH-PASS 
FILTER 


OP15910S 


HF 
Figure 9. Volume Control Characteristic 


Figure 7. Circuit for Amplitude Modulation Rejection Test 
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DESCRIPTION 


The TDA4505 is a TV subsystem circuit 
intended to be used for base-band de- 
modulation applications. This circuit con- 
sists of all small-signal functions (except 
the tuner) required for a quality color 
television receiver. The only additional 
circuits needed to complete a receiver 


TDA4505 


Small-Signal Subsystem IC for 


Color TV 


Preliminary Specification 


FEATURES 

e@ Vision IF amplifier with 
synchronous demodulator 

e Tuner AGC (negative-going 
control voltage with increasing 
signal) 

e AGC detector for negative 
modulation 


N Package 


PIN CONFIGURATION 


128] PHASE 2 DET 


a7] SANDCASTLE 
OUT/FBIN 

126} HORIZ DRIVE 

25] SYNC SEPARATOR 


are a tuner, the deflection output stages, © AFC circuit 
and a color decoder. The TDA3563 or ; 
67, NTSC color decoder, and the ® Video preamplifier 
TDA3654 vertical output, are ideal com- © Sound IF amplifier, demodulator 
plements for the TDA4505. and preamplifier 
e DC volume control 
e Horizontal synchronization circuit 
with two control loops 
e Extra time constant switches in 
the horizontal phase detector 
e Vertical synchronization (divider 
system) and sawtooth generation 
with automatic amplitude 
adjustment for 50 or 60Hz 
e Three-level sandcastle pulse 
generation 


APPLICATIONS 
e Color television receiver 


e CATV converters 
e Base-band processing 


23] HORIZ OSC 


VISION IF IN | 8 | 21] SYNC DEMOD 


20} SYNC DEMOD 


VOLUME CONTROL/ aT] 
START HORIZ OSC 


CD12140S 


ORDERING INFORMATION 


ABSOLUTE MAXIMUM RATINGS 
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DC AND AC ELECTRICAL CHARACTERISTICS Vcc = V7_¢ = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS | 
SYMBOL PARAMETER UNIT 
min | tye | Max 


Supplies | 


Supplies 
vr | Supp volage Pn) —SSC~=“*~“‘“*S*S*™*~srSCSCS*C‘“RSC‘SC®:=S‘<d*$'=CawsssdDSCS 
cr Supp owen hn) SSSC~—~SSSSTSC“‘“RSSSSSCd 
vine | Supp votege min’ ——SSC=~“~*‘“*~‘“‘“*S*S™S™*sdSCSC“‘USO@WS=*C@SSOC*C* 
rir] Seppty eurent (Pn 11) for horizontal osciator stat ——=SC«d=SCS*=‘“iRSCiSCdYSC 
Vision IF amplifier (Pins 8 and 9) 
veo | a 7oWHon stage SS™~—~sSsTSC“‘“O@STC*dSSC 
G50 | Diteroniel put capactance mB ——SS~dPSC‘“‘(CS*'L OS YC 
inane 
put a 4 
ie 
81 


es 


Maximum input signal 


AV Expansion of output signal for 50dB variation of input signal 
Ws with Vg_9 at 150uV (OdB) 


Video amplifier measured at top sync input signal voltage (RMS value) of 10mV 


Vi7-6 Output level for zero signal input 
(zero point of switched demodulator) 


Output signal top sync level? 


3.1 


rae 
[20 
aw | Banawish of demoduted ouput sora S| | 
Gi _| Oterental gan Fone 9? ——SSSCSC~=“~*~*~*é~srCSC*‘“‘CLSO®SC*dSSCOWO 
re | Diterental pase Fae PF _——SSS~C~=“‘*‘“*~*‘“dCSC‘“‘C@C#C#*dS(C(COWO 

Video nonsineany* complete veo sanal ampmwse ——=S«|=SSS«dSSSCdSC 


Intermodulation (Figure 4) at gain control = 45dB | 
f = 1.1MHz; blue 
f = 1.1MHz; yellow 
f = 3.3MHz; blue 
f = 3.3MHz; yellow 


0 


Signal-to-noise ratio® 
S/N Zs = 75Q; Vi = 10mV 
S/N end of gain control range 


1 
3 | 
1 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc = V7_5 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER 


| typ a 
Typ | Max 
Tuner AGC"? 


Vi-e(RMs) | Minimum starting point take-over 


V1-e(RMs) | Maximum starting point take-over 
ISMAX Maximum output swing 


Output saturation voltage 
V5 -6(SAT) |= 2mA 


Leakage current 


AV, Input signal variation complete tuner control (Als = 2mA) 
AFC circuit (Pin 18)® 


Vis-—6(p-p) | AFC output voltage swing 


Available output current 


Control steepness 
Vis-6 Output voltage at nom. tuning of the reference-tuned circuit 


Offset current AFC output (Pins 20 and 21 short-circuited) 


Input limiting voltage 
Vo = Vo max — 3d0B; Q:. = 16; far = 1KHzZ; fo = 5.5MHz 400 800 uv 


: 
< 


+ 
= 
@ 


V15LIM 
Input resistance 
Vi(RMS) = 1mV 


Input capacitance 
Ci5-6 Vi(RMs) = 1mV 


AM rejection (Figures 7 and 8) 
V; = 10mV 
V; = 50mV 


AMR 


AF output signal 
= Af = 7.5kHz; minimum distortion 400 


= AF output signal; Af = 50kHz Pin 11 used as starting pin | 300 =| = =700 | 1200 
Z12-6 | AF output impedance TOL «| t00 

dB 

dB 


NO 
on 


Total harmonic distortion volume control 20dB, 
Af = 27.5kHz; weighted acc. CCIR 468 


Ripple rejection 
f, = 100Hz, volume control 20dB 


when muted 


DD |o <|< |> 
DD |z s is = 
Q |2 
D |D 
= |= 
ES 


Vi2-6 Output voltage in Mute condition 


Volume control (Figure 8) 


45 


G ® 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) oa eae 6 = 12V; Ta = 25°C, unless otherwise specified. 


p uimits 
_ aca a a 


Sync separator and first control — 


Input current 
Vo5-6 > 5V 10 
Vo5-6 = OV TBD ‘ 


a 
ee 


Control sensitivity® 
video to oscillator; at weak signal 
at strong signal during scan . Z 
during vertical retrace and catching 


Second control loop (positive edge) 


FAip/ate | Convolsenivty Rap-omeeo Fawei ——=SS=~=“‘*‘“‘*sdSOSC*“‘“(_LSO™C*SSOSC*dSSS 
a 
a a A ed 
ra | Maximum alowed phase ant ——SSSCS=~=~“~*~*~“~*~*~*~é~sSC“‘*wree«=*SCd 
[ven eater ma 


Horizontal oscillator (Pin 23) 


Afrr Frequency variation due to change of supply voltage 
from 9.5 to 13.2V 


To | Freqency vaiaton wih temperate SSC~SCSSCSCS 
[Aten | Maximum fequency shit SSCSC~SCSCSCSCS 
rater | Maximum requeney deviation at sat Hot SY 
Horizontal output (Pin 26) 

a a 
Vas-6 | Output voiage at which prtecion commences 
[Ves-6 | Ouputwolage low at p= tOmASC*dYSOS 

a 

<a 

po 


Duty cycle of horizontal output signal at tp = 10yus 


Pte | Rise time of output pulse 
ftp | Fall time of output pulse 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc =V7_6 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pwn | typ | Max 


Flyback input and sandcastle output? 


a 


ty Width of burst key pulse (60Hz) 
Width of horizontal blanking pulse flyback pulse width 


Width of vertical blanking pulse 
50Hz divider in search window 21 
60Hz divider in search window 17 
50Hz divider in narrow window 25 
60Hz divider in narrow window 21 


Delay between start of sync pulse at video output and rising 
edge of burst key pulse 


Coincidence detector mute output"? 
[Vee-s | Volage forinsync condiion SS SSC~idSC“‘C;‘dTC(YOS«=*CYCSCSSCSCS 
[Vz2-s | Volage for no-sye condion no sana SCTSC*dYCt 
Switching level to switch off the AFC | 64 [| 
Veo-s | Hysteresis AFC owich —SSCSC~“—~sSC“‘a! Ow ~*COC 
pes [pemarmacer 
(transmitter identification) 
a OC 
ear) | Oharge curent in snc condition a7usSSSSSC*d;SC SY tC 


1.0 mA 
eer | Discharge curent in syne condion tous ——SS~—SSCS~‘“~*~wrCiSSYSS*dS mk 
2 | trout ourent auing sean —SSSSC~=~“‘~‘~*~‘“‘*~*é~*CSC“‘*‘“*SO*C*dSCi‘a SYS 
2 | Discharge curont aurng revace——=SS~*~“~“~*~*~é‘dCSC‘“‘“(;SOSC*;SSSSC*dSCmC 
V2 -6(P-P) Sawtooth amplitude a a eee V 
Vertical output (Pin 3) 
Maximum output voltage ee 


Feedback input (Pin 4) 


V3-6 


Input voltage 
V4_6 DC component 
V4 -6(P-P) AC component (peak-to-peak value) 


Vertical guard'? 


Active at a deviation with respect to the DC feedback level; 
Vo7 =6'> 2.5V; 


at switching level low 
at switching level high 
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NOTES: 


1. 


Pin 11 has a double function. When during switch-on a current of 6mA is supplied to this pin, this current is used to start the horizontal oscillator. 
The main supply can then be obtained from the horizontal deflection stage. When no current is supplied to this pin it can be used as volume 
control. The indicated maximum value is the current at which all ICs will start. Higher currents are allowed: the excess current is bypassed to 
ground. 


. Signal with negative-going sync top white 10% of the top sync amplitude (Figure 2). 
. Measured according to the test line given in Figure 3. 


— The differential gain is expressed as a percentage of the difference in peak amplitudes between the largest and smallest value relative to the 
subcarrier amplitude at blanking level. 
— The differential phase is defined as the difference in degrees between the largest and smallest phase angle. 


. This figure is valid for the complete video signal amplitude (peak white to black). 
. The S/N = 20 log 


VOUT BLACK-TO-WHITE 
Vrms) at B = SMHz 


. The AFC control voltage is obtained by multiplying the IF-output signal (which is also used to drive the synchronous demodulator) with a reference 


carrier. This reference carrier is obtained from the demodulator tuned circuit via a 90° phase shift network. The IF-output signal has an asymmetrical 
frequency spectrum with respect to the carrier frequency. To avoid problems due to this asymmetrical signal, the AFC circuit is gated by means of 
an internally generated gating pulse. As a result the detector is operative only during black level at a constant carrier amplitude which contains no 
additional side bands. As a result the AFC output voltage contains no video information. 

At very weak input signals, the driver signal for the AFC circuit will contain a lot of noise. This noise signal has again an asymmetrical frequency 
spectrum and this will cause an offset of the AFC output voltage. To avoid problems due to this effect, the AFC is switched off when the AGC is 
controlled to maximum gain. 

The measured figures are obtained at an input sign RMS voltage of 10mV and the AFC output loaded with 2 times 220kQ2. between +Vs and 
ground. The unloaded Q-factor of the reference tuned circuit is 70. The AFC is switched off when no signal is detected by the coincidence detector 
or when the voltage at Pin 22 is between 1.2V and 6.4V. This can be realized by a resistor of 68k. connected between Pin 22 and ground. 


. The slicing level can be varied by changing the value of R;7_25. A higher resistor value results in a larger value of the minimum sync pulse 


amplitude. The slicing level is independent of the video information. 


. Frequency control is obtained by supplying a correction current to the oscillator RC-network via a resistor, connected between the phase 1 detector 


output and the oscillator network. The oscillator can be adjusted to the right frequency in one of the two following ways: 

a) Interrupt Rog - 24. 

b) Short circuit the sync separator bias network (Pin 25) to +Vcc. 

To avoid the need of a VCR switch, the time constant of phase detector at strong input signal is sufficient short to get a stable picture during VCR 
playback. During the vertical retrace period, the time constant is even shorter so that the head errors of the VCR are compensated at the beginning 
of the scan. Only at weak signal conditions (information derived from the AGC circuit) is the time constant increased to obtain a good noise 
immunity. 


. The flyback input and sandcastle output have been combined on one pin. 


The flyback pulse is clamped to a level of 4.5V. The minimum current to drive the second control loop is 0.1mA. | 


. The functions in-sync/out-of-sync and transmitter identification have been combined on this pin. The capacitor is charged during the sync pulse and 


discharged during the time difference between gating and sync pulse. 


. The vertical scan is synchronized by means of a divider system. Therefore no adjustment is required for the ramp generator. The divider detects 


whether the incoming signal has a vertical frequency of 50 or 60Hz and corrects the vertical amplitude. 


. TO avoid screenburn due to a collapse of the vertical deflection, a continuous blanking level is inserted into the sandcastle pulse when the feedback 


voltage of the vertical deflection is not within the specified limits. 


. Starting point tuner takeover at 1=0.2mA. Takeover to be adjusted with a potentiometer of 47k. 
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FUNCTIONAL DESCRIPTION 


IF Amplifier, Demodulator, and 
AFC 


The IF amplifier has a symmetrical input (Pins 
8 and 9). The synchronous demodulator and 
the AFC circuit share an external reference 
tuned circuit (Pins 20 and 21). An internal RC- 
network provides the necessary phase-shift- 
ing for AFC operation. The AFC circuit is 
gated by means of an internally generated 
gating pulse. As a result, the AFC output 
voltage contains no video information. The 
AFC circuit provides a control voltage output 
with a swing greater than 10V from Pin 18. 


AGC Circuit 

Gating of the AGC detector is performed to 
reduce sensitivity of the IF amplifier to exter- 
nal electrical noise. The AGC time constant is 
provided by an RC circuit connected to Pin 
19. The point of tuner take-over is preset by 
the voltage level at Pin 1. 


Video Amplifier 
The signal through the video amplifier com- 
prises video and sound information. 


Sound Circuit and Horizontal 


Oscillator Starting Function 

The input to the sound IF amplifier is obtained 
by a band-pass filter coupling from the video 
output (Pin 17). The sound is demodulated 
and passed via a dual-function volume con- 
trol stage to the audio output amplifier. The 
volume control function is obtained by con- 
necting a variable resistor (5k{2) between Pin 
11 and ground, or by supplying Pin 11 witha 
variable voltage. Sound output is suppressed 
by an internal mute signal when no TV signal 
is identified. 


DC Volume Control/Horizontal 


Oscillator Start 

The circuit can be used with a DC volume 
control or with a starting possibility of the 
horizontal oscillator. The operation depends 
on the application. When during switch-on no 
current is supplied to Pin 11, this pin will act 
as volume control. When a current of 6mA is 
supplied to Pin 11, the volume control is set 
to a fixed output signal and the IC will 
generate drive pulses for the horizontal de- 
flection. The main supply of the IC can then 
be derived from the horizontal deflection. 


Horizontal Synchronization 
The video input signal (positive video) is 
connected to Pin 25. 


The horizontal synchronization has two con- 
trol loops. This has been introduced because 
a sandcastle pulse had to be generated. An 
accurate timing of the burstkey pulse can be 
made in an easy way when the oscillator 
sawtooth is used. Therefore, the phase of this 
sawtooth must have a fixed relation with 
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respect to the sync pulse. That can only be 
realized when a second loop is used. 


Horizontal Phase Detector 
The circuit has the following operating condi- 
tions: 


a. Strong input signal, synchronized or not 
synchronized. (The input signal condition 
is obtained from the AGC-circuit, the in- 
sync/out-of-sync from the coincidence 
detector). In this condition the time con- 
stant is optimal for VCR playback; i.e., 
fast time constant during the vertical 
retrace (to be able to correct head-errors 
of the VCR) and such a time constant 
during scan that fluctuations of the sync 
are corrected. In this condition the phase 
detector is not gated. 


b. Weak signal. In this condition the time 
constant is doubled compared with the 
previous condition. Furthermore, the 
phase detector is gated when the oscilla- 
tor is synchronized. This ensures a stable 
display which is not disturbed by the 
noise in the video signal. 


c. Not synchronized (weak signal). In this 
condition the time constant during scan 
and vertical retrace are the same as 
during scan in condition a. 


Vertical Sync Pulse 

The vertical sync pulse integrator will not be 
disturbed when the vertical sync pulses have 
a width of only 10us with a separation of 
22us. This type of vertical sync pulses are 
generated by certain video tapes with anti- 
copy guard. 


Vertical Ramp Generator 

To avoid problems during VCR-playback in 
the so-called feature modes (fast or slow), 
the vertical ramp generator is not coupled to 
the horizontal oscillator when such signals 
are received. For normal signals the coupling 
between vertical ramp generator and horizon- 
tal oscillator is maintained. This ensures a 
reliable interface. 


Vertical Divider System 

The IC embodies a synchronized divider sys- 
tem for generating the vertical sawtooth at 
Pin 2. The divider system has an internal 
frequency doubling circuit, so the horizontal 
oscillator is working at its normal line frequen- 
cy; one line period equals 2 clock pulses. 


Due to the divider system no vertical frequen- 
cy adjustment is needed. The divider has a 
discriminator window for automatically switch- 
ing over from the 60Hz to 50Hz system. 
When the trigger pulse comes before line 576 
the system works in the 60Hz mode, other- 
wise 50Hz mode is chosen. The divider sys- 
tem operates with 2 different divider reset 
windows for maximum _ interference/distur- 
bance protection. 
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The windows are activated via an up/down 
counter. 


The counter increases its counter value with 
1 for each time the separated vertical sync. 
pulse is within the search window. When it is 
not, the counter value is lowered with 1. 


The different working modes of the divider 
system are specified below. 


a. Large (search) window: divider ratio be- 
tween 488 and 722. 


This mode is valid for the following condi- 
tions: 


1. Divider is locking for a new transmitter. 


2. Divider ratio found, not within the narrow 
window limits. 


3. Non-standard TV signal condition detected 
while a double or enlarged vertical sync 
pulse is still found after the internally- 
generated anti-topflutter pulse has ended. 
This means a vertical sync pulse width 
larger than 10 clock pulses (50Hz) viz. 12 
clock pulses (60Hz). 


In general this mode is activated for video 
tape recorders operating in the feature trick 
mode. When the wide vertical sync. pulses 
are detected, the vertical ramp generator is 
decoupled from the horizontal oscillator. As 
a consequence, the retrace time of this 
ramp generator is now determined by the 
external capacitor and the discharge cur- 
rent. This decoupling prevents instability of 
the picture due to irregular incoming sig- 
nals (variable number of lines per field). 


4. Up/down counter value of the divider sys- 
tem operating in the narrow window mode 
drops below count 6. 


b. Narrow window: divider ratio between 
522-528 (60Hz) or 622-628 (50Hz). 


The divider system switches over to this 
mode when the up/down counter has 
reached its maximum value of 15 approved 
vertical sync pulses. When the divider op- 
erates in this mode and a vertical sync 
pulse is missing within the window, the 
divider is reset at the end of the window 
and the counter value is lowered with 1. At 
a counter value below 6, the divider system 
switches over the large window mode. The 
divider system also generates the so-called 
anti-topflutter pulse which inhibits the 
phase 1 detector during the vertical sync 
pulse. The width of this pulse depends on 
the divider mode. For the divider mode a 
the start is generated at the reset of the 
divider. In mode b the anti-topflutter pulse 
starts at the beginning of the first equaliz- 
ing pulse. 


The anti-topflutter pulse ends at count 10 for 
50Hz and count 12 for 60Hz. The vertical 
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blanking pulse is also generated via the 
divider system. The start is at the reset of the 
divider while the blanking pulse width is 34 
(17 lines) for 60Hz and at count 42 (21 lines) 
for 50Hz systems. 


The vertical blanking pulse generated at the 
sandcastle output Pin 27 is made by adding 
the anti-topflutter pulse and the blanking 
pulse. In this way the vertical blanking pulse 
starts at the beginning of the first equalizing 
pulse when the divider operates in the b 
mode. The total length of the vertical blanking 
in this condition is 21 lines in the 6(0Hz mode 
and 25 lines in the 50Hz mode. 


Voc + U 


IF INPUT 


February 1987 


Application When External 
Video Signals Have to Be 


Synchronized 

The input of the sync separator is externally 
available. For the normal application, the 
video output signal (Pin 17) is AC-coupled to 
this input (see Figure 2). It is possible to 
interrupt this connection and to drive the sync 
separator from another source; e.g., a teletext 
decoder in serial mode or a signal coming 
from the PT-plug. When a teletext decoder is 
applied, the IF-amplifier and synchronization 
Circuit are running in the same phase so that 
the various connections between the two 


Figure 1. Application Diagram 
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parts (like AGC gating) can remain active. 
When external signals are applied to the sync 
separator, the connections between the two 
parts must be interrupted. This can be ob- 
tained by connecting Pin 22 to ground. 


This results in the following condition: 
- AGC detector is not gated. 
- AFC circuit is active. 


- Mute circuit not active so that the 
sound channel remains switched-on. 

- The first phase detector has an 
optimal time constant for external 
video sources. 
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Figure 2. Video Output Signal Figure 3. E.B.U. Test Signal Waveform (Line 330) 
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Figure 4. Test Setup Intermodulation 
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Figure 5. S/N Ratio as a Function of 
the Input Voltage 
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Figure 7. AM Rejection Figure 8. Volume Control Characteristics 
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DESCRIPTION FEATURES 

The TDA2540 is an IF amplifier and e¢ Gain-controlled, wide-band 
demodulator circuit for color and black- amplifier, providing complete IF 
and-white television receivers using gain 

NPN tuners. e Synchronous demodulator 


e White spot inverter 


e Video preamplifier with noise 
protection 


e AFC circuit which can be 
switched on/off by a DC level, 
e.g., during tuning 

e AGC circuit with noise gating 

e Tuner AGC output (NPN tuners) 


e VCR switch, which switches off 
the video output; e.g., for 
insertion of a VCR playback 
signal 


APPLICATIONS 


e Black/white and color TV 
receivers/monitors 


e Video cassette recorders (VCRs) 
e CATV converters 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP (SOT-38) -25°C to +60°C TDA2540N 


ABSOLUTE MAXIMUM RATINGS 


re 
Vato | Tuner AsCvotage ——SSC*dSCCi 
TPror | Total power dspaion———SS«| SO 
Tera | Storage temperature ange —=SCSC~*dsC S| 
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ELECTRICAL CHARACTERISTICS (Measured in Figure 4) The following characteristics are measured at T, = 25°C; 
Vi4-13 = 12V; f = 38.9MHz, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pwn | tye | Max 


zx lt 
wi< 


% 


degrees 


[arr Snel at vio oupet—SSSCS~—~isSSC“‘(!W ASC 
(| 2rd harmonic of carer t vdeo output ——SSSSSC~—SC“‘C*srSCSCS mv 
| White spot inverter tested vel Fees) ———=S*~=~=‘iRSC“‘(S‘#L#}@®™CdTOOC*SCSCS 
(| white spot nserion eel Fue) ——SSSCS~<“~*é‘“dRSC“‘CSS@]”=C*PSOS*~C*‘RSONSC 
(| Noise verter treshoid level awe) ——SS~=~“~*~é‘dSC“‘C#dY ¥®~=*PSCOS*~“‘RSSNSC™ 
(| Noise insertion eet Foe) —SSSC~=“*~*~*é‘RSC“‘CN®*C*SSSOSC‘“SOUSC 
Viana | Exoral vido wich (VOR) swiches ofthe opt «| SSdYSSCdT 
is | Tuner AGC output curent range —SSCSC~‘dRSCOSYSSSC*dSC Tm 
vara | Toner AGC ouput volage ty iomaSSSSC~—SC‘“‘Cé‘sYC#d™SCO@SSC*dSSCV 
ie Tuner AGC output leakage current Vi4_43 = 5V; V4_13 = 12V a ee eee 
[avs | Meimum AFC ouput votage owing SYST Yd 


Af Detuning for AFC output voltage swing of 10V 100 kHz 
100 200 kHz 
poe | e@ | v | 


AFC zero-signal output voltage (minimum gain) 


NOTES: 
1. So-called ‘projected zero point', e.g., with switched demodulator. 


Intermodulation at 1.1MHz: blue? 
yellow? 
at 3.3MHz* 


3laaqaea 
=|oDoOUD 


<|< 


< 


< 


< 


Vo black-to-white 


2 Sh ————— 
Vacrms)at B = 5MHz 


Vo at 4.4MHz 
3. 20log ——————._ + 3.6B. 
Vo at 1.1MHz 


Vo at 4.4MHz 


4. 20l0og ————_. 
Vo at 3.3MHz 
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SPECTRUM FOR SPECTRUM FOR 
YELLOW . BLUE 


sc cc PC sc cc 


NOTES: 

SC: Sound carrier level 

CC: Chrominance carrier With respect to top sync level 
PC: Picture carrier level 


Figure 1. Input Conditions for intermodulation Measurements; 
Standard Color Bar With 75% Contrast 
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Figure 3. Video Output Waveform Showing White Spot and Noise Inverter Threshold Levels 
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Figure 6. Signal-to-Noise Ratio as a 
Function of the Input Voltage (Vj - 16) 


Figure 5. AFC Output Voltage (V5-_13) as a Function of the Frequency 
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DESCRIPTION FEATURES 

The TDA2541 is an IF amplifier and e Gain-controlled wide-band 
demodulator circuit for color and black- amplifier, providing complete IF 
and-white television receivers using PNP gain 

tuners. e Synchronous demodulator 


e White spot inverter 


e Video preamplifier with noise 
protection 


e AFC circuit which can be 
switched on/off by a DC level, 
e.g., during tuning 

e AGC circuit with noise gating 

e Tuner AGC output (PNP tuners) 


e VCR switch, which switches off 
the video output; e.g., for 
insertion of a VCR playback 
signal 


APPLICATIONS 


e Black/white and color TV 
receivers 


e Video cassette recorders (VCRs) 
e CATV converters 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE | ORDER CODE 
16-Pin Plastic DIP (SOT-38) -25°C to +60°C TDA2541N 


ABSOLUTE MAXIMUM RATINGS 


[Prot | Total power dssipaion =| 
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PIN CONFIGURATION 
N Package | 
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DC ELECTRICAL CHARACTERISTICS (Measured in Figure 4) Ta = 25°C; V1;_13 = 12V; f = 38.9MHz, unless otherwise 


specified. 


LIMITS 
PARAMETER UNIT 
pin | typ | Max 


SYMBOL 

ves [Swen wotase anges ——SCSC=~=“‘~*~*~*‘“*~*‘dtCtO~=;SCo | we 

vin sarns [IF mpi vata for onset of ASG MS vas) ———=S~*dCSC*~‘“dtCi Ys] 

a 

Viana [Zerosiral ouptievi ———=SSCSC~=“~*‘“~*~*é‘SC“‘“gCSSO*CSC 
a 


(o>) 
& 


— st 


Signal-to-noise ratio at V; = 10mV 


Differential gain 
Differential phase 


Intermodulation at 1.1MHz: blue! 46 60 
yellow! 46 50 
at 3.3MHz? 46 54 


iD) 
Oo 


Tuner AGC output voltage at Il, = 10mA 
‘eC Tuner AGC output leakage current Vi4_43 = 11V; V4_13 = 12V 
[at [Detring for AFC output votage owing of TV 


= P= 


—_ 
io) 
oO 


10 
4 
3.2 


AFC switches on at: 
AFC switches off at: 
NOTES: 


1. So-called ‘projected zero point’, e.g., with switched demodulator. 
Vo black-to-white 
Vacrms) at B = SMHz 


2. S/N= 
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Figure 1. Input Conditions for intermodulation Measurements; Standard Color Bar With 75% Contrast 
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Figure 3. Video Output Waveform Showing White Spot and Noise Inverter Threshold Levels 
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Figure 4. Typical Application Circuit Diagram; Q of L1 and L2 ~ 80; fo = 38.9MHz 


December 2, 1986 7-12 


Signetics Linear Products Product Specification 


Video IF/AFT TDA2541 


0 
-4 -3 -2 -1389 +1 +2 +3 +4 +100 


kHz MHz kHz 


OP15880S 
OP15870S OP15790S 


f (MHz) 


Figure 6. Signal-to-Noise Ratio as a 
Figure 5. AFC Output Voltage (V5_13) as a Function of the Frequency Function of Le Input Voltage (Vj - 16) 


December 2, 1986 7-13 


Signetics TDA2549 
Multistandard Video 
IF/Demodulator 


Product Specification 
Linear Products 


PIN CONFIGURATION 
N Package 


DESCRIPTION e Auxiliary video input and output 
The TDA2549 is a complete IF circuit (75Q) 


with AFC, AGC, demodulation, and vid- 
eo preamplification facilities for multis- 
tandard television receivers. It is capable 
of handling positively and negatively 
modulated video signals in both color 
and black/white receivers. 


e Video switch to select between 
auxiliary video input signal and 
demodulated video signal 

e AFC circuit with on/off switch 
and inverter switch 


e AGC circuit for positive 


FEATURES modulation (mean level) and 
e Gain-controlled wide-band negative modulation (noise gate) 
amplifier providing complete IF e AGC output for controlling 
gain MOSFET tuners een 
e Synchronous demodulator for TAKEOVER 
positive and negative modulation APPLICATIONS PR ge 
e Video preamplifier with noise e NTSC/PAL/SECAM TV receiver/ 
protection for negative monitors 
modulation ® Multistandard VCR 


e CATV converters ©p121108 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
24-Pin Plastic DIP (SOT-101A) -25°C to +70°C TDA2549N 


ABSOLUTE MAXIMUM RATINGS 


ve 
: 
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DC ELECTRICAL CHARACTERISTICS (Measured in Figure 4) Voc = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
_ ae eee ne a 


| Supply voltage range sss—sSCid voltage range 


a 
[Vi=Ve-7 | IF input signal for Vo=2V bowoon Pra Sand) ——~C~*~*tC“C*‘“‘C‘C*SCCSOSC#*SSCSOCO 
[Teenr! | put mpesance (iterenia) ———SSSCSC*~“~*~“~*~—SC“‘“RS”~SC*dSCSC*‘dSCia 
[Gon7 | tut capactance (iterenia) ———~—SCSC*~*~“~*~“‘“~*~*~sSC“~*~*rCSCiSC*dSCSSSSC*dSC 


Zero signal output level 
Positive modulation 1.6 2.3 V 
Negative modulation 3.7 4.3 V 


Top sync output level 


[a Gain control range Pee 


Signal-to-noise ratio at V; = 10mV' 


= Maximum video output amplitude for positive modulation <a —2 
(peak-to-peak value) 


aw Banawist of video anpiter @) 

eee 
[ip | via ps Vor av 
Vases | Reidel carer sonal GMS vate) ———=SCSCS~“~*~*~stSC“~‘~*rtSCSOSdC 
Vas-amusy_| Residual second harmonic of carer sonal @MS vay +f ——S«S@ | 
Views | AFC owptvotage swing —SSSC~=<“~*~‘“SCSSSSSC*dSSCCi 
Tat____| Grange of Feqveny required for AFG opt votage avrg of ov | | 70 | ao | we 
Vireo | AFC awich off fr avtage worth SY SdYSSidtCt 


AFC inverter switch 
positive AFC (Figure 1) 
negative AFC (Figure 2) 


Vi6-3 
Vi6-3 


Tuner AGC 


Saturation voltage 
l49 = 0.8MA 

take-over point Low 
take-over point High 


Signal expansion at Ay = 50dB 


Negative modulation (Figure 3) 
white spot inverter threshold level 
white spot insertion level 

noise inverter threshold level 

noise insertion level 


Auxiliary video output 
output signal? 

Vi4-3 top sync level 

|Z14-3| output impedance 
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DC ELECTRICAL CHARACTERISTICS (Continued) (Measured in Figure 4) Vcc = 12V; Ta = 25°C, unless otherwise 
specified. 


LIMITS 
SYMBOL PARAMETER 


Levels for video switches 


positive video 

negative video 

internally demodulated signal 
auxiliary video signal 


<<<< 


NOTES: 


Vo black-to-white 
1. Signal-to-noise ratio S/N = 


VacRMs) at B= 5MHz 
2. Measured in application of Figure 4. 


0 
-4 -3 -2 -1327 +1 +2 +3 +4 -4 -3 -2 -1369 +1 +2 +3 +4 
MHz { (MHz) 


OP16010S OP15870S 


Figure 1. AFC Output Voltage V;5-_3 for Positive AFC Figure 2. AFC Output Voltage V;5_3 for Negative AFC 
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Figure 3. Video Output Waveform Showing White Spot and Noise Inverter 
Threshold Levels 
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Figure 4. Application Diagram 
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Product Specification 
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DESCRIPTION FEATURES 


The TBA120U is an IF amplifier with a © Outstanding limiting 
symmetrical FM demodulator and an AF_e AF Input 

amplifier with adjustable output voltage. 
The AF amplifier is also provided with an 
output for volume control and an input 


e Few external components 
e DC volume control 


for VCR operation. APPLICATIONS 

The input and output of the TBA120U @ Black/white and color TV 

are especially designed for LC circuits, receivers 

but the input can also be used with a e Video cassette recorders (VCRs) 
ceramic filter. e CATV converters 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
14-Pin Plastic DIP (SOT-27K) 0 to +70°C TBA120UN 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Voc = Vi1-1| Power voltage (Pin 11) 
Adjustment voltage (Pin 5) 


Operating ambient temperature range 
NOTE: 


1. Supply voltage operating range is 10 to 18V. 


a a 
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sound IF Amplifier/Demodulator for TV TBA120U 


DC ELECTRICAL CHARACTERISTICS Vcc = 12V; Ta = 25°C; f = 5.5MHz, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER Min i | UNIT 


Aig i enti IF voltage gain | 


Input voltage starting limiting at Af = + 50kHz; fy = 1kHz 


Vo IF (P-P) IF output voltage at limiting (peak-to-peak value) 


AM suppression at Af = + 50kHz; V, = 500yV; 
fu = 1kHz; m= 30% 


IF residual voltage without de-emphasis 
at Pin 12 
at Pin 8 


Ay AF8-3 AF voltage gain 
AVo AF AF adjustment at R45 = 5kQ; Rs.4 = 13kQ 
AVo AF AF output voltage control range 


Adjustment resistor! 


ViFi2 
ViFs 


DC voltage portion at the AF outputs 
Pin 12 
Pin 8 
Output resistance of the AF outputs 
Pin 12 
Pin 8 


Input resistance of the AF input Ed 
Rand | Source resistance of reference voltage source Fe 


Ripple rejection 
at Pin 12 
at Pin 8 


IF input impedance 
CL 4.5pF 
C, 6.0pF 
AF output voltage at Af = + 50kHz; fy = 1kHz; 
V; = 10mV; Qo = 45; RMS value 
Vo AF (RMS) at Pin 12 
Vo AF (RMS) at Pin 8 


Distortion at Af = + 50kHz; fy = 1kHz; 


Vi2-1 
Vg -1 


Ro 12-1 
Ro 8-1 


V; = 10mV; Qo = 20 


NOTE: 
1. Pin 5 must be connected to Pin 4, when volume control adjustment is not applicable. 
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Sound IF Amplifier/Demodulator for TV TBA120U 


NOTE: 
1. Either one of these circuits may be used. 


Figure 1. Application Example Using TBA120U 


ane ee = 
PT fT  ourtt 
vy, 


Voyar (4B) (3) 


N\ | | 
{| | | | Mieow 7 


(AF) 
A= V, (ap) AT PIN 3 BG 


-40 -20 0 
V, (4B)(2) 


TC19880S 


Ry (k2) 
28 
Re_4/Ry_s 


OP15961S 


1.Vo ar with de-emphasis at Af = + 50kHz; 
fy = 1kHz; dror = 1.5%; OdB * 770mV. 
2. Vi: OdB © 200mV at 602 


Figure 2. The AF Output Voltage 
at Pin 8 as a Function of the 
Resistance Values 
as Shown in Figure 3 


Figure 4. The AF Output Voltage 
at Pin 8 as a Function of the 
Input Voltage With SFC 5.5mA 

at the Input (see Figure 1) 


Figure 3. Resistor Conditions for 
Curves in Figure 2 
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Sound IF Amplifier/Demodulator for TV TBA120U 


OdB 2 900mV OVER IF (PIN 8) 
OdB £1.15V (PIN 8) 


Pt tt TT TT TT 
Lt 
Pt ta tT tT TT 


V, (4B){2) 


OP15971S 


1.Vo ar with de-emphasis at f,=1kHz; 0dB ~ 
770mV; 
curve a: Af = +50kHz; dro7 = 3%; 
curve b: Af = + 25kHz; dror = 1%. NOTES: 
2. V;: OdB * 200mV at Pin 14. OdB ~ 900mV over IF (Pin 8) 


---- 0dB © 1.15V (Pin 8) 
Figure 5. The AF Output Voltage , 
at Pin 8 as a Function of the Figure 7. Total Distortion as a pins 8. git aga and the 
Input Voltage With Function of the AF Output ight a we . ts as a 
Broadband Input (602) Voltage Change unction of Supply Voltage 


OP15980S 


Figure 6. The AF Output Voltage 
at Pins 8 and 12 as a Function of 
the Supply Voltage; 0dB ~ 770mV 
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signetics TDA2545A 
Quasi-Split-Sound Circuit 


Product Specification 


Linear Products 


DESCRIPTION FEATURES PIN CONFIGURATION 
The TDA2545A is a monolithic integrat- © 3-stage gain-controlled IF 

ed circuit for quasi-split-sound process- amplifier 

ing in television receivers. e AGC circuit 


FB DECOUPLING [ 2 | 
AGC CAPACITOR [3] 


e Reference amplifier and limiter 
amplifier for vision carrier 
processing 

e Linear multiplier for quadrature 
demodulation 

LATOR 


APPLICATIONS PuNeo circum C2 TUNED CIRCUIT 
e Stereo MTS television receiver 


® Video cassette recorder with 
MTS 


e CATV converters 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP (SOT-38) 0 to +70°C TDA2545AN 


BLOCK DIAGRAM 


1ST SOUND IF & DEMODULATOR 


LIMITER- 
AMPLIFIER 


BD08810S 


NOTE: 
1. IF signal: vision carrier (VC) and sound carrier (SC). 
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Quasi-Split-Sound Circuit TDA2545A 


ABSOLUTE MAXIMUM RATINGS 


[Voc | Sippy volage Pmt) ——Si«dtSCs“‘éOSSCdC 


DC ELECTRICAL CHARACTERISTICS Vcc = 12V; Ta = 25°C; measured at fyc = 38.9MHz, fsco1 = 33.4MHz, 
fsco = 33.158MHz: 
Vision carrier (VC) modulated with 2T/20T pulses, line-for-line alternating with white 
bars; modulation depth 100% (proportional to 10% residual carrier). 
Sound carriers (SC1, SC2) modulated with f = 1kHz and Af = + 30kHz. 
Vision-to-sound carrier ratios are VCSC1 = 13dB and VCSC2 = 20dB. 
Vision carrier amplitude (RMS value) is Vyco = 10mV. 
For measuring circuit see Figure 1, unless otherwise Saleen 


IMTS 
_ - min [we [mex | 


Supply (Pin 11) 


Supy Oni) OOSOS~“~*~S~SC“—SsSCSSC“CSCSCSS 
costs | Supp ounent ———SSSCS~=~“—~“‘~*~*~‘—‘—‘—‘—‘—s*~*s*~é‘SC“‘“(!S Cd 


IF amplifier 


Vvc1-16(RMS) | Minimum input voltage (RMS value) yuV 
incall signals —3dB) 


| IFcontolrange  sss—<‘—sSSCid | IFcontolrange  sss—<‘—sSSCid range 


a ne 
Pie | hot resitance——SSCSC=“‘*‘“*S*S*=*“‘“*~*rSC“‘“g!U @U™C*PSOCC*dCO 
rg | lout capactance———SSCSC~“*~“‘*~*~*“‘“‘“*~*S*~*~é‘dSC‘“‘~«‘“SS«dCSid 
Vie-ropms) | Output votage avira AMS va) ———SS~*~dSCS*~“~*~*~rtSCSSCYYSCSC“‘“z#CO 
Wie sopms) | Ouput vote: 6742MHe MS vane) ————SSSC~dSCSC‘“‘“(RS dC 
View | BC ouput votage Ss SSSC*~<“~*~‘“—*é“SC“*‘“;SCdPSC*dSC 
Riansa | Allowable as resistance athe outpt——SCS~*~‘dtCSCSSCSCdSCidSC 
ake | Allowable ouput curent SSS 


Intercarrier signal-to-noise (measured behind the FM demodulators) 


Signal-to-weighted-noise ratio 
according to CCIR 468-2, quasi-peak 
at 5.5MHz 
at 5.742MHz 
with black level (vision carrier 

modulated with sync pulses only) 

at 5.5MHz 

at 5.742MHz 
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Quasi-Split-Sound Circuit TDA2545A 


TO FM DEMODULATORS 
5.742 MHz 5.5MHz 
OUTPUT 


IF INPUT® 


5 6 
1 | 
1 | 
| | 
+t od 


NOTES: 
Pins 4, 5, 6, 7, 10 and 14 not connected. 
1. IF signal: vision carrier (VC) and sound carrier (SC) 


Figure 1. Measuring Circuit for TDA2545A 
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Signetics TDA2546A 


Quasi-Split-Sound IF With 
Sound Demodulator 


Product Specification 


Linear Products 


DESCRIPTION FEATURES PIN CONFIGURATION 
The TDA2546A is a monolithic integrat- First IF (VC: vision carrier plus SC: 
ed circuit for quasi-split-sound process- sound carrier) 
ing, including 5.5MHz demodulation, in ¢@ 3-stage, gain-controlled IF 
television receivers. amplifier 

e AGC circuit 


e Reference amplifier and limiter 
amplifier for vision carrier (VC) 
processing 


e Linear multiplier for quadrature 
demodulation 

Second IF (5.5MHz signal) 

e 8-stage limiter amplifier 

e Quadrature demodulator 

e AF amplifier with de-emphasis 

e AV switch 


APPLICATIONS 
e Television stereo MTS receiver 


e Video cassette recorder with 
MTS stereo 


N Package 


FB DECOUP | 2| 


MUTING IN [ 4 | 
AF a i INTERCARRIER 
DE-EMPHASIS SOUND OUT 
i SOUND IF 
FB DECOUP 
QUAD COIL 12] SOUND IF IN 
QUAD COIL [8 | 


i) SOUND IF 

FB DECOUP 
DEMOD DEMOD 

TUNED CIR L2J 10) TUNED CIR 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin Plastic DIP (SOT-102CS) 0 to +70°C TDA2546AN 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING 
Veo | Supply voltage (Pin 16) a2 


Storage temperature range -25 to +150 


Input current (Pin 4) 
Ta Operating ambient temperature range 0 to +70 
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2861 ‘z1 Areniqes 


cl-8 


4ST SOUND IF & DEMODULATOR 


C2 
IF INPUT® 


NOTE: 
1. IF signal: Vision Carrier (VC) and Sound Carrier (SC). 


TO EXTERNAL 
FM DEMODULATOR 


AF 
OUTPUT 


WVHSVIC 4001 


JOJOINDOWSd PUNOS UM JI] PUNOCS-}/dS-IsONS 


V9rSzVvdl 


SJONPOld JOeUIT soeUBIS 


UOIJLOOIIOedS JONPOld 


Signetics Linear Products Product Specification 


Quasi-Split-Sound IF With Sound Demodulator TDA2546A 


DC ELECTRICAL CHARACTERISTICS Voc = Vis_ 16 = 12V; Ta = 25°C; measured at fyc = 38.9MHz, fsc; = 33.4MHz, 
fsco = 33.158MHz: 
Vision carrier (VC) modulated with 2T/20T pulses, line-for-line alternating with white 
bars; modulation depth 100% (proportional to 10% residual carrier). 
Sound carriers (SC1, SC2) modulated with f = 1kHz and Af = + 30kHz. 
Vision-to-sound carrier ratios are VC/SC1 = 13dB and VC/SC2 = 20dB. 
Vision carrier amplitude (RMS value) is Vyco = 10mvV. 
For measuring circuit see Figure 1, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | tye | Max 


Supply (Pin 15) 


Soy) SSOSC~C~“~S~—C—SSCSCSSSSSCSS 
Voo=Vis- | Swph votes ———SCSC~=~“‘“‘*S*S*~*S*S*S*~*~drCaSdYSCe ee 
Pico=hs | Sup owen ——SSSSC~C~—Ss—~—SsSTSC‘iE me 
rami SSCS*C~“~S*~“s*SCS~S~Ss~“CSsSsSsSsSS 


-Wer-remnsy | Mimo input wotage (AMS vale) (tocar sonal 06) | ‘| 60 | | wv 
 Wer-raewsy | Maximum input votlage (FMS value) (riorcarer signals +108) | | too | —*i| mv 
racy | eontolange —C“‘“;C*é*rSSSC*SSSC“‘(S#YOC#‘#N’SCOS 
Vs-1e | Contolvotage range —SSSC=~“‘*‘*“‘“‘*S™S*sSCSCSSC“‘CYSO’:*#C*dSCO 
Rice | hmutresitanoe—SSSCSC=~“~*‘“*‘“‘“~*S™S*~*sSC‘“RS@'«C#*diSSC;‘“CS*LCON 
Orie | put capactancs ———SSC=~=“‘*‘“‘“‘*S*™*srS~‘“sSC*SC‘(]NWNSC(“‘a‘é“NSO 
Intercarrier generation 
Vie vomsy | Oui volage: 6740MHe MS vat) ———SSSSC«YSSSC*dSSC |S 


viene | OC oututwotage SS SSCSC~S~sSSCS 
Risse | Alowebe ood resistance atthe opt ———=S=~=~“‘“~*~*rSCSSC*dSC“‘CS*‘LCOC#dC ON 
P=ie | Aowabie ouput ourent SS SSSS~—CS~sTSCS~*idSSC“‘“(! NTC mA 
Frequency demodulator (measured at f = 5.5MHz) 
V6 - 16(RMS) AF output voltage (RMS value) ee eee eee 
a 
a7 
oe 


V6-16 DC output voltage 
Allowable load resistance at the output ag a a a 
1 


< 
> 
=k 
fo>) 


THD Total harmonic distortion % 
Ri5-16 Internal de-emphasis resistance 
Switching voltage (Pin 4) 
_ for mute 
V4-16 for AF on 


Intercarrier signal-to-noise (measured behind the FM demodulators) 


Signal-to-weighted-noise ratio 
according to CCIR 468-2, quasi-peak 
at 5.5MHz 
at 5.742MHz 


with black level (vision carrier modulated with sync pulses 
only) 

at 5.5MHz 
at 5.742MHz 
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Quasi-Split-Sound IF With Sound Demodulator TDA2546A 


FILTER 5.742 MHz 


TO EXTERNAL 
820 FM DEMODULATOR 


FILTER 5.5 MHz 820 47nF 


IF INPUT“) 


V+ 
17 16 15 14 13 
4.7nF TDA2546A 
2 3 4 5 6 


4.7nF 


. + 
T 10nF 5 ied 22 uF 
7 AF 
AV ' 
sisal DE-EMPHASIS 
VOLTAGE 


AF 
OUTPUT 
LS10910S 


NOTE: 
1. IF signal: Vision Carrier (VC) and Sound Carrier (SC). 


Figure 1. Measuring Circuit for TDA2546A 
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Signetics TDA2555 
Dual TV Sound Demodulator 
Circuit 
Product Specification 


DESCRIPTION FEATURES PIN CONFIGURATION 
The TDA2555 incorporates two FM de-_ @ Eight-stage limiting amplifier 
modulator systems to perform the de- @ Quadrature demodulator for FM 
modulator functions required in a dual detection 


sound carrier TV system for demodulat- De-emphasis stage 


. ; 16] IF, INPUT 
ing the sound carriers. © Output amplifier 2 
APPLICATIONS 
e Black-and-white/color receivers 
e Video cassette recorders (VCR) 2] IF, INPUT 


e Satellite receivers 
e CATV converters 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin Plastic DIP (SOT-102HE) 0 to +70°C TDA2555N 


BLOCK DIAGRAM 
Pte At ] 
6 |5 


QUADRATURE 


DEMODULATOR 
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Signetics Linear Products Product Specification 


Dual TV Sound Demodulator Circuit TDA2555 


ABSOLUTE MAXIMUM RATINGS 


Storage temperature range -65 to +150 
Operating ambient temperature 0 to +70 


DC ELECTRICAL CHARACTERISTICS Vcc = Vi3, 15-14 = 12V; Ta = 25°C; f = 5.5MHz; fyi = 1kHz; Af = + 30kHz; 
Vi (RMS) = 5mV, see Test Circuit Figure 1, voltages with respect to ground (Pin 14), 
unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
Tye | Max 


Min 

Veo | Supply votage (Pre 1S andi) SSC*dSC 

Se 

Vie, rns | Teput vege (FMS value) for stat of ming | 

Vie rie | Maximum input votege dS 

DC voltage at inputs-Pins 10, 11, 12, 16, 17, and 18 to 14 ae Tei ea 
| 350 
a 
10 


a AM suppression 

fu(FM) = 70Hz; Af = + 30kHz 
AMS fam) = 1kHz; m = 30% 
0 
PTH _| Tota harmonic dsiorion SS SSSCSC~SCSCSCSCS 
a 
T= | Crenmel separation SSCSC~“C*~“‘~‘~*SC*iS 
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Dual TV Sound Demodulator Circuit TDA2555 


2 


47nF 47nF 


| 


AF, 


Pe | ) | a . 
| 22 pF | 22 pF | 22pF | 22pF 


TC19891S 


Figure 1. Test Circuit 
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Signetics 


Linear Products 


DESCRIPTION 


The TDA2577A separates the vertical 
and horizontal sync pulses from the 
composite TV video signal and uses 
them to synchronize horizontal and verti- 
cal oscillators. 


FEATURES 


e Horizontal sync separator and 
noise inverter 


e Horizontal oscillator 
e Horizontal output stage 


e Horizontal phase detector (sync 
to oscillator) 

e Time constant switch for phase 
detector (fast time constant 
during catching) 

e Slow time constant for noise-only 
conditions 

e Time constant externally 
switchable (e.g., fast for VCR) 

e Inhibit of horizontal phase 
detector and video transmitter 
identification circuit during 
vertical oscillator flyback 


e Second phase detector (2) for 
storage compensation of 
horizontal deflection stage 

e Sandcastle pulse generator (3 
levels) 

e Video transmitter identification 
circuit 

e Stabilizer and supply circuit for 
starting the horizontal oscillator 
and output stage directly from 
the supply voltage 


ORDERING INFORMATION 


TDA2577A 


Sync Circuit With Vertical 
Oscillator and Driver 


Product Specification 


PIN CONFIGURATION 


N Package 


e Duty factor of horizontal output 
pulse is 50% when flyback pulse 
is absent 


Vertical sync separator 


e Bandgap 6.5V reference voltage all N?]}-eeae our 
for vertical oscillator and 16] HORIZ Osc 
comparator NERS OOS 14) 15] HORIZ OSC 

e Synchronized vertical oscillator/ VIDEO IN [5) oe 
sawtooth generator (synchroni- ORIZ Fa] XMIT 1D OUT/ 


VCR SWITCH 
112) FLYBK PULSE IN 


PHASE DET 1 
er. 18) 44] HORIZ OUT 


zation inhibited when no video 
transmitter is detected) 

Internal circuit for 3% parabolic 
precorrection of the oscillator/ 
sawtooth generator. Comparator TOP VIEW 
supplied with precorrected 
sawtooth and external feedback 
input 

Vertical comparator with internal 
3% precorrection circuit for 
vertical oscillator/sawtooth 
generator 

Vertical driver stage 

Vertical blanking pulse generator 
with external adjustment of pulse 
duration (50Hz: 21 lines; 60Hz: 17 
lines) 

e Vertical guard circuit 


APPLICATIONS 

e Video monitors 

e TV receivers 

e Video processing 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin Plastic DIP (SOT-102HE) -25°C to +65°C TDA2577AN 
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syne Circuit With Vertical Oscillator and Driver TDA2577A 


BLOCK DIAGRAM 


HORIZONTAL FREQUENCY 
ADJUSTMENT lyg>4mA = +12V 


36k 2.2nF ? 100uF 


HORIZONTAL 


SYNC HORIZONTAL 
SEPARATOR REFERENCE 4 STABILIZER | SW!TCH 


TO PIN 16 


6.8k 


COINCIDENCE VERTICAL VERTICAL 2ND 
1 
DETECTOR BLANKING GUARD HORIZONTAL i ae 
GENERATOR CIRCUIT REFERENCE HORIZONTAL 


TRANSMITTER DRIVE 


IDENTIFICATION 
BANDGAP SANDCASTLE FLYBACK 
STABILIZER PULSE PULSE 
6.5V GENERATOR PROTECTION 


| | 
a OSCILLATOR/ PRE- | VERTICAL | VERTICAL DETECTOR 
sine oan SAWTOOTH |, ICORRECTION|ICOMPARATOR! DRIVE 
GENERATOR 


PHASE 


2 


VERTICAL 
BLANKING 
SWITCH 


i 
TO PIN 10 50/60Hz 


(+12V) 3.9 , 
nF bl L 
on aes 
o= SANDCASTLE = 
VERTICAL VERTICAL OUTPUT PULSE HORIZONTAL FLYBACK 


VERTICAL FREQUENCY FEEDBACK DRIVE PULSE 
ADJUSTMENT 
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Sync Circuit With Vertical Oscillator and Driver TDA2577A 


VERTICAL DRIVE COINCIDENCE DETECTOR 


VERTICAL DRIVE 
TDA3651 
(PIN 1) 


68k 4 


SANDCASTLE PULSE GENERATOR 


a 
VERTICAL 8k 
FEEDBACK 

CJ 


FLYBACK th 


INVERTER! SANDCASTLE 
O | OUTPUT PULSE 


VERTICAL OSCILLATOR/SAWTOOTH GENERATOR 
1k COMPOSITE 


KEY 
INVERTER 


| 
VIDEO l BURST 
| 
' 
| 


6V 
a SYNC LEVEL 
VERTICAL 
FREQUENCY OSCILLATOR 


ADJUSTMENT =  FLYBACK 


START CIRCUIT STABILIZER 


"Ef i 


START 
VOLTAGE 
HORIZ. OSC. 


| 


COMPOSITE 
SYNC 


36 k 


2.7 


~ HORIZONTAL 
FREQ. ADJ. 


DF06870S 


Figure 1. TDA2577A Circuit Diagram 
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Sync Circuit With Vertical Oscillator and Driver i al 


‘ 
VIDEO INPUT/NOISE INVERTER “h, V DURING PHASE DETECTOR y, | 
“av | START-UP 1“ 
VIDEO : 
INPUT 4.7 nF 
Vv 
COMPOSITE hee a 
SYNC CURRENT = 
OSC REF __ INVERTER 
” — J HORIZ 
5 a wt = HORIZONTAL Q ° OUTPUT 
FLYBACK ~~~ }, 
i Ay OSCILLATOR x 
= 12k 0.9 mat ea ~ 
6k NOISE = = 
(~ C.) INVERTER Ss bcs tener Sece stm ti sea ae na tae aa 
bah tas wy, VIDEO TRANSMITTER IDENTIFICATION & MUTE OUTPUT 


+12V ar, +12V0 C—O 
ia 
1.2 k vcR 


HORIZONTAL SYNC SEPARATOR 


+12 V 
COMPOSITE 
SLICED 
= | SYNC COMPOSITE 
350 
6 


12 k 12 k 
1 uF SYNC 220 13 
COMPOSITE Sy 
SYNC IDENTIFICATION 
() 
O15 V TO SYNC 1.2 k 
SLICER = 
ene saucer l HORIZONTAL FLYBACK bg TO 4mA 
+12V | 0.8V } 
wae | RETECTOR HORIZONTAL 
FLYBACK 
41k composite | . 
é * a | 4k 3 2ax22K- 
= 
‘ FROM 
22 uF + SYNC 
LL. separator j 2k 
7 SLOW PHASE DETECTOR “1 i 50/60 SANDCASTLE 
REFERENCE ss | 5 Hz CAR 
VOLTAGE OV 2V ov 2v | = SWITCH a 
OSC REF___. fee HORIZONTAL ree ee ee eee ee ee eee eo ee ee ee 
PULSE y 4 COINCIDENCE tr HORIZONTAL OUTPUT TO PIN 16 
waren. @ # DETECTOR | ms 
- ‘ ~ Horizosc! | *12V 11 
TO PIN 16 
oe 18 k 5.4 k 
“ el Y 62k 15k 9 : 
E ! H 
| 900 212 DRIVE 
‘ REF is 
bps 150 C.) voLTace | v 
uF L nF a2 iy 27V ste 
= = ls 7 
on ee eee a ~T 10 | 2204F 
GROUND TDA2577A SUPPLY SWITCH KF 


TC20901S 


Figure 1. TDA2577A Circuit Diagram (Continued) 
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Sync Circuit With Vertical Oscillator and Driver TDA2577A 


ABSOLUTE MAXIMUM RATINGS 


Tie Sar curent m1) ——SSSSC*dS 


Thermal resistance from junction to 4 
Ot en 


DC ELECTRICAL CHARACTERISTICS 116 =5mA; Voc = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pwn | tye | Ma 


Supply 


Seely SSCSC~“S~SC“CSSSS 
a 
Views | Stabiied supny votage (Pt) ——~—SCS*~*~“‘*~*~dCiOSY a 
ho | Sy vont nto) ——SSSCSCS~S~S~TSSS a 
BS 
Tsn0 | Towanowe ——SOSC~=“‘*‘~*“‘*‘—S*S*S*~rSC(iSSC*dS“C( SDs 
Vs-apa | Sy pulse amplitude eakiopeak vane’ ——~=~S~*~rt=Cit S| | 
a 
Pi Day bemoan vdeo input and deecor ute ———=—S«dSSS*Y (tas 


Noise gate (Pin 5) 


vsn0 | Swiching ever ——OSCSC~“‘“*S*S*S*SC“‘*é‘“*S*é‘~srSCOSC‘“‘“‘!SC*dSC 
[Fret control oop (eyne to osciaton Pn@) ——~=~“*~“~*~*~“~*~“*“‘~*S*~“‘~*~*~“~CS~S~S 


First control loop (sync to oscillator; Pin 8) 


rar | Heng rge——SSSCS~—~S*~—‘—~—sSsS~STSC~‘irsSC OO SC*dC 
rar tering ange ——SSSSCSCS~S~S 0 YoY 


Control sensitivity video with respect to oscillator, burst key, 
1 kHz/ ps 
275 kHz/ us 
Second control loop (horizontal output to flyback; Pin 14) 


and flyback pulse 
for slow time constant 
for fast time constant 
rio «id Contohrange —SSSC~<“—~*~*~“‘—*~*—S*sSsSsSsSS CdS 
Tf eontcted edge SSSC~S~—‘“—SsS~S~SSSCS~S~S 
Phase adjustment (via 2nd control loop; Pin 14) 
7 
Maximum permissible control current a ee ee eee 
Horizontal oscillator (Pin 15) 


Lo a ae 
rs a ee ee 
At Frequency deviation between starting point of output signal 9% 
OSC and stabilized condition ° 
a re 


Temperature coefficient 
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Sync Circuit With Vertical Oscillator and Driver TDA2577A 


DC ELECTRICAL CHARACTERISTICS (Continued) |;5=5mA; Vcc = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS | 


SYMBOL PARAMETER 


Horizontal output (Pin 11) 


Vii-9 Output voltage; high level 
Vii-9 Voltage at which protection starts 


Vv Output voltage; low level 
nee start condition at 1;;=10mA 


9 normal condition at ly; =40mA 


voltage at Pin 11 Low) 


Sandcastle output pulse (Pin 17) 


= 
ri 


Output voltage during: 
burst key 
horizontal blanking 
vertical blanking 


Pulse duration 
burst key 


horizontal blanking 


vertical blanking 
for 50Hz application (-ly2 : 0 to 0.1mA) 
for 60Hz application (-ly2 : typ. 0.2mA) 


Delay between the start of the sync at the video input and 
# 4.8 
the rising edge of the burst key pulse 
Coincidence detector; video transmitter identification circuit; time constant switches (Pin 18); see also Figure 1 
tlig Detector output current 
Vig—9 Voltage during noise* 
Voltage level for in-sync condition | | 


Switching level 
mute function active; y; fast-to-slow 
vertical period counter 
3 periods fast 


Vv Switching level for VCR (fast time constant) V 
16=9 without mute function 
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DC ELECTRICAL CHARACTERISTICS (Continued) |;5=5mA; Vcc = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
min | tye | Max 


Video transmitter identification output (Pin 13) 


VCR switching (Pin 13) 


Input current for fast time constant phase detector y,, with 
: 0.4 mA 
mute function active 


view | Swing SSCSC~—~sCSSSSSSC“‘édL YY CdTOC*dSCO 
a OO 
Ce naa a RIES NN ee 
ee a 

Delay time of sync pulse (measured in 3) to flyback at 
fo amecimes= | f=. | 


Duration of vertical blanking pulse (Pin 12) 


Required input current (negative) «fete | 3 
-lqo2 for 50Hz application; 21 lines blanking 0.3 
-lqo for 60Hz oe 17 lines blanking 0.1 
he | Maximum allowed imput weet SSSSC~*~“—~‘“SC“‘C*z)OC#C*‘d#(S(CO 
Vertical sawtooth generator (Pin 3) 
rts | Voricaltroqueney (rose) ———SSC~C~=“‘*‘“*“‘“‘“‘“wSSC“‘“z;!SSS*C~C*dSCSC“‘CzCL( 
rate | Frequency spread (Coso = G800F; Ros = Teo at ve) | —+| Sid 
(| Syrctvonzation ange SSC~=“<~wSC“‘(CsO®~C*SSCOS*C*‘“SSCSC 
a 
rats __| Frequency shitiorveostow tv —Ss~=~<“~*~‘“SC“‘S?YYOOC*‘#*dSCOSCSDsSmw 
tc | Tomperaure cooticent ——SSSSC~—~sSC~—tSSCSC~‘ir OY 


Comparator (Pin 2) 


Vo_9 Input voltage 4.4 
V2-9(P-P) DC level AC level (peak-to-peak value) 1.6 


rc 

- | Sawtooth internal preconeston (arabotc cone) «| S| 8 | Sd CO 
Vertical output stage; emitter-follower (Pin 1) 

Tvi-e | Output wotage atn=toma —SSSSC*~=“‘i*SS:~SCdTC=CiSCsESC(‘®RSSTSV 

SO 


Vertical guard circuit 
af 3.3 
5.4 6.3 
NOTES: 


1. Up to 1Vp.p the slicing level is constant; at amplitudes exceeding 1Vp-.p, the slicing level will increase. 

2. tp = delay between negative transient of horizontal output pulse and the rising edge of the flyback pulse. 
to = delay between the rising edge of the flyback pulse and the start of the current in y1 (Pin 8). 

3. The duration of the flyback pulse is measured at the input switching level, which is about 1V(te,). 

4. Depends on DC level at Pin 5; value given applicable for V5_9 ~ 5V. 


= 
oo 


hah 


Activating voltage levels (vertical blanking level is 2.5V) 
switching level Low 
switching level High 
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APPLICATION INFORMATION 


The TDA2577A generates the signal for driv- 
ing the horizontal deflection output circuit. It 
also contains a synchronized vertical saw- 
tooth generator for direct drive of the vertical 
deflection output stage. 


The horizontal oscillator and output stage can 
start operating on a very low supply current 
(l46 2 4mA), which can be taken directly from 
the supply line. Therefore, it is possible to 
derive the main supply (Pin 10) from the 
horizontal deflection output stage. The duty 
factor of the horizontal output signal is about 
65% during the starting-up procedure. After 
starting up, the second phase detector (2) is 
activated to control the timing of the negative- 
going edge of the horizontal output signal. 


A bandgap reference voltage (6.5V) is provid- 
ed for supply and reference of the vertical 
oscillator and comparator stage. 


The slicing level of the horizontal sync sepa- 
rator is independent of the amplitude of the 
sync pulse at the input. The resistor between 
Pins 6 and 7 determines its value. A 4.7kQ 
resistor gives a slicing level at the middle of 
the sync pulse. The nominal top sync level at 
the input is 3.1V. The amplitude selective 
noise inverter is activated at a level of 0.7V. 


Good stability is obtained by means of the 
two control loops. In the first loop, the phase 
of the horizontal sync signal is compared to a 


IN-SYNC CONDITION 


¢, FAST —» 


MUTE IN —> 


NOISE ONLY 


TDA2577A 


¢, FAST MODE; 
<<— WITHOUT MUTE FUNCTION 


~t— NORMAL MODE 


a ¥4 SLOW 
¢1 FAST VCR MODE; 
WITH MUTE FUNCTION 


—<—_ MUTE OUT | 


Figure 2. Voltage Levels at Pin 18 (Vig-9) 


waveform with its rising edge refering to the 
top of the horizontal oscillator signal. In the 
second loop, the phase of the flyback pulse is 
compared to another reference waveform, 
the timing of which is such that the top of the 
flyback pulse is situated symmetrically on the 
horizontal blanking interval of the video sig- 
nal. Therefore, the first loop can be designed 
for a good noise immunity, whereas the 
second loop can be as fast as desired for 
compensation of switch-off delays in the 
horizontal output stage. 


The first phase detector is gated with a pulse 
derived from the horizontal oscillator signal. 
This gating (slow time constant) is switched 


Table 1. Switching Levels at Pin 18 


VOLTAGE AT 
PIN 18 


X 
X 
X 


The stability of displayed video information 
(e.g., channel number) during noise-only con- 
ditions is improved by the first phase detector 
time constant being set to slow. 


7.5V 

7.5 to 3.5V 
3.5 to 1.2V 
1.2 to 0.1V 
0.1 to 1.7V 
1.7 to 5.0V 


X 

X 

X 

X 
5.0 to 7.5V X 
8.7V 


Where: * = 3 vertical periods. 


The average voltage level of the video input 
on Pin 5 during noise-only conditions should 
not exceed 5.5V. Otherwise, the time con- 
stant switch may be set to fast due to the 
average voltage level on Pin 18 dropping 
below 0.1V. When the voltage on Pin 18 
drops below 100mV, a counter is activated 
which sets the time constant switch to fast, 
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FIRST PHASE DETECTOR y, ae bee al 


Time Constant Gating 


X 
X 
X 
X 
X 


X 
X 
X X 
X 
i. X 
X X 
X 
X X 


and not gated for 3 vertical periods. This 
condition occurs when a new video signal is 
present at Pin 5. When the horizontal oscilla- 
tor is locked, the voltage on Pin 18 increases. 
Nominally, a level of 5V is reached within 
15ms (1 vertical period). The mute switching 
level of 1.2V is reached within 5ms 
(Cig = 47nF). If the video transmitter identifi- 
cation circuit is required to operate under 
VCR playback conditions, the first phase 
detector can be set to fast by connecting a 
resistor of 180k{2 between Pin 18 and 


9-10 


Video signal detected 
Video signal detected 
Video signal detected 
Noise only 

New video signal detected 
Horizontal oscillator locked 

VCR playback with mute function 
Horizontal oscillator locked 

VCR playback without mute function 


off during catching. Also, the output current of 
the phase detector is increased fivefold dur- 
ing the catching time and VCR conditions 
(fast time constant). The first phase detector 
is inhibited during the retrace time of the 
vertical oscillator. 


The in-sync, out-of-sync, or no-video condi- 
tion is detected by the video transmitter 
identification/coincidence detector circuit 
(Pin 18). The voltage on Pin 18 defines the 
time constant and gating of the first phase 
detector. The relationship between this volt- 
age and the various switching levels is shown 
in Figure 2. The complete survey of the 
switching actions is given in Table 1. 


RECEIVING CONDITIONS 


ground. Also, a current of 0.6mA into Pin 13 
sets the first phase detector to fast without 
affecting the mute output function (active 
High with no video signal detected). For VCR 
playback without mute function, the first 
phase detector can be set to fast by connect- 
ing a resistor of 1kQ to the supply (Pin 10). 


The supply for the horizontal oscillator (Pin 
15) and horizontal output stage (Pin 11) is 
derived from the voltage at Pin 16 during the 
start condition. The horizontal output signal 
starts at a nominal supply current into Pin 16 
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of 3.5mA, which will result in a supply voltage 
of about 5.5V (for guaranteed operation of all 
devices |l1g > 4mA). It is possible that the 
main supply voltage at Pin 10 is OV during 
starting, so the main supply of the IC can be 
taken from the horizontal deflection output 
stage. The start of the other IC functions 
depends on the value of the main supply 
voltage at Pin 10. At 5.5V, all IC functions 
start operating except the second phase 
detector (oscillator to flyback pulse). The 
output voltage of the second phase detector 
at Pin 14 is clamped by means of an internal- 
ly-loaded NPN emitter-follower. This ensures 
that the duty factor of the horizontal output 
signal (Pin 11) remains at about 65%. The 
second phase detector will close if the supply 
voltage at Pin 10 reaches 8.8V. At this value, 
the supply current for the horizontal oscillator 
and output stage is delivered by Pin 10, which 
also causes the voltage at Pin 16 to change 
to a stabilized 8.7V. This change switches off 
the NPN emitter-follower at Pin 14 and acti- 
vates the second phase detector. The supply 
voltage for the horizontal oscillator will, how- 
ever, still be referred to the stabilized voltage 
at Pin 16, and the duty factor of the output 
signal at Pin 12 is at the value required by the 
delay at the horizontal deflection stage. Thus, 
switch-off delays in the horizontal output 


stage are compensated. When no horizontal 
flyback signal is detected, the duty factor of 
the horizontal output signal is 50%. 


Horizontal picture shift is possible by external- 
ly charging or discharging the 47nF capacitor 
connected to Pin 14. 


The IC also contains a synchronized vertical 
oscillator/sawtooth generator. The oscillator 
signal is connected to the internal comparator 
(the other side of which is connected to Pin 2) 
via an inverter and amplitude divider stage. 
The output of the comparator drives an emit- 
ter-follower output stage at Pin 1. For a linear 
sawtooth in the oscillator, the load resistor at 
Pin 3 should be connected to a voltage 
source of 26V or higher. The sawtooth ampli- 
tude is not influenced by the main supply at 
Pin 10. The feedback signal is applied to Pin 2 
and compared to the sawtooth signal at Pin 3. 
For an economical feedback circuit with less 
picture bounce, the sawtooth signal is inter- 
nally precorrected by 3% (convex) referred to 
Pin 2. The linearity of the vertical deflection 
current depends upon the oscillator signal at 
Pin 3 and the feedback signal at Pim 2. 


Synchronization of the vertical oscillator is 
inhibited when the mute output is present at 
Pin 13. 


VIDEO SIGNAL 


(PIN 5) 


yy DETECTOR 


OUTPUT CURRENT 


(PIN 8) 


HORIZONTAL 


OSCILLATOR SIGNAL 


(PIN 15) 


HORIZONTAL 
OUTPUT SIGNAL 


(PIN 11) 


SWITCH-OFF DELAY 
HORIZONTAL OUTPUT STAGE 


FLYBACK PULSE 


(PIN 12) 


2 DETECTOR 


OUTPUT CURRENT 
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SANDCASTLE 


(PIN 14) 


HORIZONTAL 
BLANKING 


ro 


-lyg S 0.1 mA: 17 LINES 


Figure 3. Timing Diagram of the TDA2577A 
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TDA2577A 


To minimize the influence of the horizontal 
part on the vertical part, a 6.5V bandgap 
reference source is provided for supply and 
reference of the vertical oscillator and com- 
parator. 


The sandcastle pulse, generated at Pin 17, 
has three different voltage levels. The highest 
level (11V) can be used for burst gating and 
black level clamping. The second level (4.6V) 
is obtained from the horizontal flyback pulse 
at Pin 12 and used for horizontal blanking. 
The third level (2.5V) is used for vertical 
blanking and is derived by counting the hori- 
zontal frequency pulses. For 50Hz, the blank- 
ing pulse duration is 21 lines and for 60Hz it is 
17 lines. The blanking pulse duration is set by 
the negative voltage value of the horizontal 
flyback pulse at Pin 12. 


The IC also incorporates a vertical guard 
circuit which monitors the vertical feedback 
signal at Pin 2. If this level is below 3V or 
higher than 5.8V, the guard circuit will insert a 
continuous level of 2.5V into the sandcastle 
output signal. This will result in complete 
blanking of the screen if the sandcastle pulse 
is used for blanking in the TV set. 


SWITCHING 


~4.5V 


cia iad 
LL 12yus _. 
142 2 0.1 mA: 21 LINES 


TC20721S 
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HORIZONTAL 
FLYBACK SANDCASTLE PULSE 


HORIZONTAL 
+12 V DRIVE 


TDA2577A 


VERTICAL VERTICAL 
FEEDBACK DRIVE 
(VERTICAL) 
e 
+ FROM PIN 9 
TDA3651 


BD09281S 


Figure 4. Typical Application Circuit Diagram; for Combination of the TDA2577A with the TDA3651 (see Figure 6) 


TO PIN 180 k 
4+ > 
TDA2577A 


™C20710S 


Figure 5. Circuit Configuration at Pin 14 for Phase Adjustment 
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VERTICAL 
DEFLECTION 
VERTICAL DRIVE COILS 
(FROM PIN 1 TDA2577A) AT1236/20 


1k % LINEARITY 


VERTICAL FEEDBACK 


(PIN 2 TDA2577A) + 
6.8 uF 


ie 


AMPLITUDE 


TC20701S 


Figure 6. Typical Application Circuit Diagram of the TDA3651 (Vertical Output) When Used in Combination With the 
TDA2577A (90°C Application) 
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DESCRIPTION 


The TDA2578A separates the vertical 
and horizontal sync pulses from the 
composite TV video signal and uses 
them to synchronize horizontal and verti- 
cal oscillators. 


FEATURES 


e Horizontal sync separator and 
noise inverter 


e Horizontal oscillator 
e Horizontal output stage 


e Horizontal phase detector (sync- 
to-oscillator) 


e Time constant switch for phase 
detector (fast time constant 
during catching) 


e Slow time constant for noise-only 
conditions 


e Time constant externally 
switchable (e.g., fast for VCR) 


e@ Inhibit of horizontal phase 
detector and video transmitter 
identification circuit during 
vertical oscillator flyback 


e Second phase detector (2) for 
storage compensation of 
horizontal deflection stage 

e Sandcastle pulse generator (3 
levels) 

e Video transmitter identification 
circuit 

e Stabilizer and supply circuit for 
starting the horizontal oscillator 
and output stage directly from 
the power line rectifier 


ORDERING INFORMATION 


TDA2578A 


Sync Circuit With Vertical 
Oscillator and Driver 


Product Specification 


© Duty factor of horizontal output PIN CONFIGURATION 


pulse is 50% when flyback pulse 
is absent 

@ Vertical sync separator 

e Bandgap 6.5V reference voitage 
for vertical oscillator and 
comparator 

e Synchronized vertical oscillator/ 
sawtooth generator 
(synchronization inhibited when 
no video transmitter is detected) 

e Internal circuit for 6% parabolic Nec 
pre-correction of the oscillator/ 
sawtooth generator. Comparator 
supplied with pre-corrected 
sawtooth and external feedback 
input 

e Vertical driver stage 

e Vertical blanking pulse generator 

e 50/60Hz detector 

e 50/60Hz identification output 


e Automatic amplitude adjustment 
for 60Hz 


e Automatic adjustment of blanking 
pulse duration (50Hz: 21 lines; 
60Hz: 17 lines) 


e Vertical guard circuit 


APPLICATIONS 
e Video terminals 
@ Television 


COIN DET 


SANDCASTLE 
PULSE OUT 


HORIZ OSC 
START V IN 


HORIZ OSC 
PHASE DET 
2 OUT 


VERT FREQ 3 


ADJ 
VERT SYNC 
SEP Hi 


VIDEO IN | 5] 


XMIT ID OUT/ 
VCR SWITCH 


FLYBK PULSE IN 


PHASE DET 1 HORI 
OUT 8 | ORIZ OUT 


TOP VIEW 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin Plastic DIP (SOT-102HE) -25°C to +65°C TDA2578A 
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BLOCK DIAGRAM 


HORIZONTAL FREQUENCY 
ADJUSTMENT lg>4mA = +12V 


Y 100uF 


| ” ian As 
7 8 . 5 7 16 


Bal E 
gectbatenng ee [HORIZONTAL START | SUPPLY 


SYNC T 
HORIZONTAL DETECTOR = | OSCILLATOR CIRCUIT | cwitcH 


SEPARATOR 5 REFERENCE %4 STABILIZER ; 


+ 


TO PIN 16 


6.8k 


CONCIDENCE VERTICAL VERTICAL 2ND 
11 
DETECTOR BLANKING GUARD HORIZONTAL se 
GENERATOR CIRCUIT REFERENCE HORIZONTAL 


MUTE AND TRANSMITTER DRIVE 
§0/60 HZ IDENTIFICATION 


IDENTIFICATION 
50/60 Hz BANDGAP SANDCASTLE FLYBACK 
DETECTOR STABILIZER PULSE PULSE 
6.5V GENERATOR PROTECTION 
PHASE 


ae OSCILLATOR/ PRE- | VERTICAL | VERTICAL derecrte 
sor el SAWTOOTH |, ICORRECTION|COMPARATOR! DRIVE ? 
s GENERATOR 1 2 


TDA2578A 


12 


47 nF : 
~ Pee 
= SANDCASTLE = 
+26V VERTICAL VERTICAL oyTPUT PULSE HORIZONTAL FLYBACK 
VERTICAL FREQUENCY FEEDBACK ORIVE PULSE 


ADJUSTMENT 


TOPIN1IO _ 56k 


(+12V) 


BD09250S 
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VERTICAL DRIVE COINCIDENCE DETECTOR 
VERTICAL DRIVE 


TDA3651 
(PIN 1) 


68k 4 


SANDCASTLE PULSE GENERATOR 


' +12 V 
VERTICAL 8k 
FEEOBACK 

e 


FLYBACK| _,- ie 


INVERTER! SANDCASTLE 
O | OUTPUT PULSE 


VERTICAL OSCILLATOR/SAWTOOTH GENERATOR 


1k composite | =e 
VIDEO | S 
| 
‘ 
| 


KEY 
INVERTER 


6V 
= SYNC LEVEL 
VERTICAL 
FREQUENCY OSCILLATOR 


ADJUSTMENT =~ -FLYBACK 


START CIRCUIT STABILIZER 


- <i Fhe 3 
VERTICAL SYNC SEPARATOR 
() | START 
\) COMPOSITE: VOLTAGE 
SYNC HORIZ. OSC. 


ae | 


+12 V 
(PIN 10) 


HORIZONTAL OSCILLATOR 


5 Bk 


2.7 


T nF 4.7k 


~ HORIZONTAL 
FREQ. ADJ. 


DF06870S 


Figure 1a. TDA2578A Circuit Diagram 
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VIDEO INPUT/NOISE INVERTER 


+12 V 


COMPOSITE 
SYNC 


NOISE 
INVERTER 


HORIZONTAL SYNC SEPARATOR 
+12 V 


COMPOSITE 
SYNC 
350 


OMPOSITE 
SYNC 


SLICED 
SYNC 

Cc 
i) TO SYNC 
SLICER 


O15 V 
wy 


SYNC SLICER 


6.3 k 


4.1k COMPOSITE 
SYNC 


FROM 
SYNC 
= SEPARATOR 


SLOW PHASE DETECTOR “1 
OV 2vV 


REFERENCE 
VOLTAGE OV 2V 


HORIZONTAL 
Oo COINCIDENCE 
» DETECTOR 


TO PIN 16 


rth 


nF 820 


GROUND 


*4V DURING 


HORIZONTAL 


COMPOSITE 


TDA2578A 


TDA2578A 


PHASE DETECTOR 4, 
START-UP 


CURRENT 
OSC REF __ INVERTER — 
PuLsE = 8 
6 HORIZ 


— OUTPUT 
FLYBACK 
OSCILLATOR 


~ 
0.9 mat — 


50/60 Hz 
IDENTIFICATION 


HORIZONTAL FLYBACK 0.2TO4mA 


12 


® 
HORIZONTAL 
FLYBACK 


HORIZONTAL 
OUTPUT 
PROTECTION 


PHASE 2 
DETECTOR 


SANDCASTLE 


TO PIN 16 
HORIZONTAL OUTPUT 


HORIZONTAL 
DRIVE 


HORIZ 
FLYBACK = 


SUPPLY SWITCH 


Figure 1b. TDA2578A Circuit Diagram 
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ABSOLUTE MAXIMUM RATINGS 


is | Sa amnent em 16) —SSSS*dYS «dm 
Voom Vans | Sippy votage nto ——SS«dYSC dC 


Thermal resistance from junction to x 
Oya nae € 
ambient in free air 


DC AND AC ELECTRICAL CHARACTERISTICS 1,6 =5mA; Voc = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pmin | tye | Max 


Su 
The | SuppvomentarrnteSSC™~*~“—~*~*~*~sSSCSdSC ‘SCT 8 Om 
[Viens | Stabitzod svppy wotage Prt) —SSSC~*dYSCSSdYC TT 
io | Spy curont Pn) SSCS~wSCSC‘“‘*RSOSBSCSSC7]OLSmA 
[Veo=Vio-| Swpy wotage Pt) SSSSCSC~<“~*~‘“RSCSOSCdYSC Sst] 
Video input (Pin 5) 

Tvs-0 | Topomcmt SCSC~—<“—sSSCSsSSY SY 
Vso | Sime pulse ampitude (eaktopeak vane ———SSS*? ts | sft 
Ti Sicngivs —SSC~“~*~*dSCSéSSC“‘“($]DU OC] OS! 
ris | Batey between video input and detector outpt ———=SSS«YSS*?SCSYS 


Noise gate (Pin 5) | 


5 
First control loop (sync to oscillator; Pin 8) 

Le a OS 

Par | Oatehing ergo SSSCS~“~*~S~S~sSCS*YSCS 


Control sensitivity video with respect to oscillator, burst key, and 
1 kHz/ us 
2.75 kH2/us 
Second control loop (horizontal output to flyback; Pin 14) 


flyback pulse 
for slow time constant 
for fast time constant 
FAto/ato | Contol sensi sate? SSS*~*~<~wS~“~*~*~é~*dSCSCSSYSSC*dSC 
Oe 
[eens oage ostwe ——SSC~—~—sSSC‘“(!DSC 
Phase adjustment (via 2nd control loop; Pin 14) 
|| Control sensitivity 
Maximum permissible control current Ll 
——- 


Horizontal oscillator (Pin 15) 


Frequency (no sync) 
Frequency spread (Cosc = 2.7nF; Rosc = 33k82; no sync) 


Frequency deviation between starting point of output signal and 9 
stabilized condition ? 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) !1¢=5mA; Vcc = 12V; Ta = 25°C, unless otherwise 


specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
min | tye | Max 


Horizontal output (Pin 11) 


Horzontal ouput (Pm i) ——~SOSC~*~“‘“*S*S*S*~“‘*‘“~*“‘“*S*SSSCSCSCSCSSSSS 
vesne | Output votagsi oh ver ———SSCSC~=“~*‘“~*~*‘“*~*S*rSOSC“‘“d;SC‘“d‘ CS 
TVirze | votage at wich proecion urs —=~=~=“‘*‘“*~‘~rtC‘SCSSSCSC*idtCts | 


Output voltage; low level 
Vii-9 start condition at l;; = 10mA V 
Vii-9 normal condition at ly; = 40mA V 
Duty factor of output signal during starting (no phase shift) 9% 
l4g = 4mA (voltage at Pin 11 low) ° 


Lod Duration of output pulse (see Figure 3) tp+ horizontal flyback pulse 


Sandcastle output pulse (Pin 17) 


Output voltage during: 
burst key 

horizontal blanking 
vertical blanking 


Pulse duration 
burst key 
horizontal blanking (flyback pulse)°® 
vertical blanking 

at 50Hz 21 lines 
at 60Hz 17 lines 


eee |e 
rising edge of the burst key pulse 

Coincidence detector; video transmitter identification circuit; time constant switches (Pin 18) (see also Figure 2) 

ete | Detector ouput euront SiC 
Vi-2 | Votage ouing nose® ——SSSC~“—~“~*~“—‘~‘—‘—*~*~é‘SC“‘(! (OC 

Viens | Votage love for vay conditon ————SSSCSC~“~—rSC‘“C~*dC«i 
Vigne | Switching level sow fest SSSCS*~=“‘*‘“*~*‘“sSCi:*C*‘dSC*i SC” 


Switching level 
mute function active; y; fast to slow 
vertical period counter; 3 periods fast 


Switching level slow-to-fast (locking) 
Vig-—9 mute function inactive 


~ ‘. 


os 
Vig-—9 without mute function 

Video transmitter identification output (Pin 13) 

Visn2 | Ouiput votage acve fo syne) atig=tmA 

Tio | Sirk ourent acto moon) Ss SSC*dSC‘“‘ ®~CdT ST 
Tio Ouput curentnactve (ome: 60H) 


50/60Hz identification (Pin 13) 


R13 = 15kQ to +12Vv 
at f = 50Hz (in sync condition) 
at f = 60Hz (in sync condition) 


Vi3-9 
Vi3-9 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) 1,5 =5mA; Vcc = 12V; Ta = 25°C, unless otherwise 


<a" ne 


SMITE 
_— a pwn [we | mx | 


Flyback input pulse (Pin 12) 


[Flyback input pulse (Pin 12) 
[Vieww | Swiching vel ——SSC~=~“~*~*~‘“‘—*S*~*—‘“‘~*‘“RSC“‘“L|LYCC*dzéSC.C~C*dSCOC‘SCS 
OO 
Viewer | Input puse ampitude (eaktopeak vee) SS TC) 
Pinputreserce SS SSC*~<“~*~*~*~*é‘“RSC“‘(CS €®=C#*dC;‘“(C#CLSCR 
Delay time of ayn ‘Rube cecilia in 1) to flyback at 

. La pt 
Vertical sawtooth generator (Pin 3) 
is Vertical remuoney ood) ———SSCS~=~“—*~“‘*~*~*—‘“‘“‘*dSC“‘“w;SSSC*dSCSC*“‘“OR 
[Frequency spread (Cosc= 6800F; Roso= Tec at vee) | «| ST 
(| Srctonizaton ange SSC«dGSC“‘“‘CSONC#CNSOOC*dSSO 
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Comparator (Pin 2) 


Vo_9 Input voltage; DC level 4.4 
V2-9(P-P) AC level (peak-to-peak value) —— 8 


| Input current atV2-9=6V sid current at Vo_9= | Input current atV2-9=6V sid 


Vertical output stage; emitter-follower (Pin 1) 


vice | Owpitvotage ath=toma——SsS—~=“‘*‘“*~*—‘“dRCSC:C‘dES(C“‘#S#SY CWS SV 
Pf owpwewnente ——SSCSC~C—~—SYTSS*dS Sd 


Vertical guard circuit 


Activating voltage levels (vertical blanking level is 2.5V) 
switching level LOW 


switching level HIGH 


NOTES: 

1. Up to 1Vp.p the slicing level is constant; at amplitudes exceeding 1Vp-.p the slicing level will increase. 

2. tp = delay between positive transient of horizontal output pulse and the rising edge of the flyback pulse. 
to = delay between the rising edge of the flyback pulse and the start of the current in y; (Pin 8). 

3. The duration of the flyback pulse is measured at the input switching level, which is about 1V(t¢,). 

4. Depends on DC level at Pin 5; value given applicable for V5_9 * 5V. 

5. For 60Hz, a PNP emitter clamp is activated. 

6. When fo = 46Hz, the 50/60Hz detector switches over to 60Hz; video input signal at Pin 5 ~ 55Hz. 
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Table 1. Switching Levels at Pin 18 


FIRST PHASE DETECTOR y, gee ae” 


7.5V 
7.5 to 3.5V 


3.5 to 1.2V 
1.2 to 0.1V 
0.1 to 1.7V 
1.7 to 5.0V 


X 
X 
X 
X 
> 4 * 
X 
5.0 to 7.5V X 
8.7V X 


Where: * =3 vertical periods. 


APPLICATION INFORMATION 
The TDA2578A generates the signal for driv- 
ing the horizontal deflection output circuit. It 
also contains a synchronized vertical saw- 
tooth generator for direct drive of the vertical 
deflection output stage. 


The horizontal oscillator and output stage can 
start operating on a very low supply current 
(l4g 2 4mA), which can be taken directly from 
the power line rectifier. Therefore, it is possi- 
ble to derive the main supply (Pin 10) from the 
horizontal deflection output stage. The duty 
factor of the horizontal output signal is about 
65% during the starting-up procedure. After 
starting up, the second phase detector (2) is 
activated to control the timing of the positive- 
going edge of the horizontal output signal. 


A bandgap reference voltage (6.5V) is provid- 
ed for supply and reference of the vertical 
oscillator and comparator stage. 


The slicing level of the horizontal sync sepa- 
-rator is independent of the amplitude of the 
sync pulse at the input. The resistor between 
Pins 6 and 7 determines its value. A 4.7kQ 
resistor gives a slicing level at the middle of 
the sync pulse. The nominal top sync level at 
the input is 3.1V. The amplitude selective 
noise inverter is activated at a level of 0.7V. 


Good stability is obtained by means of the 
two control loops. In the first loop, the phase 
of the horizontal sync signal is compared to a 
waveform with its rising edge refering to the 
top of the horizontal oscillator signal. In the 
second loop, the phase of the flyback pulse is 
compared to another reference waveform, 
the timing of which is such that the top of the 
flyback pulse is situated symmetrically on the 
horizontal blanking interval of the video sig- 
nal. Therefore the first loop can be designed 
for a good noise immunity, whereas the 
second loop can be as fast as desired for 
compensation of switch-off delays in the 
horizontal output stage. 
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IN-SYNC CONDITION 
SLOW 


MUTE IN ——> 


NOISE ONLY 


TDA2578A 


RECEIVING CONDITIONS 


Video signal detected 

Video signal detected 

Video signal detected 

Noise only 

New video signal detected 
Horizontal oscillator locked 

VCR playback with mute function 
Horizontal oscillator locked 

VCR playback without mute function 


¢ FAST MODE; 
<<— WITHOUT MUTE FUNCTION 


~+— NORMAL MODE 


<— 4, SLOW 


¢, FAST VCR MODE; 
WITH MUTE FUNCTION 


—<— MUTE OUT 


TC20730S 


Figure 2. Voltage Levels at Pin 18 (Vig_9) 


The first phase detector is gated with a pulse 
derived from the horizontal oscillator signal. 
This gating (slow time constant) is switched 
off during catching. Also, the output current of 
the phase detector is increased fivefold, dur- 
ing the catching time and VCR conditions 
(fast time constant). The first phase detector 
is inhibited during the retrace time of the 
vertical oscillator. 


The in-sync, out-of-sync, or no-video condi- 
tion is detected by the video transmitter 
identification/coincidence detector circuit 
(Pin 18). The voltage on Pin 18 defines the 
time constant and gating of the first phase 
detector. The relationship between this volt- 
age and the various switching levels is shown 
in Figure 2. The complete survey of the 
switching actions is given in Table 1. 

The stability of displayed video information 
(e.g., channel number) during noise-only con- 
ditions is improved by the first phase detector 
time constant being set to slow. 


The average voltage level of the video input 
on Pin 5 during noise-only conditions should 
not exceed 5.5V. Otherwise, the time con- 
stant switch may be set to fast due to the 
average voltage level on Pin 18 dropping 
below 0.1V. When the voltage on Pin 18 
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drops below 100mV, a counter is activated 
which sets the time constant switch to fast, 
and not gated for 3 vertical periods. This 
condition occurs when a new video signal is 
present at Pin 5. When the horizontal oscilla- 
tor is locked, the voltage on Pin 18 increases. 
Nominally a level of 5V is reached within 
15ms (1 vertical period). The mute switching 
level of 1.2V is reached within 5ms 
(Cig = 47nF). If the video transmitter identifi- 
cation circuit is required to operate under 
VCR playback conditions, the first phase 
detector can be set to fast by connecting a 
resistor of 180k{2 between Pin 18 and ground 
(see Figure 6). 


The supply for the horizontal oscillator (Pin 
15) and horizontal output stage (Pin 11) is 
derived from the voltage at Pin 16 during the 
start condition. The horizontal output signal 
starts at a nominal supply current into Pin 16 
of 3.6mA, which will result in a supply voltage 
of about 5.5V (for guaranteed operation of all 
devices |l14g >4mA). It is possible that the 
main supply voltage at Pin 10 is OV during 
starting, so the main supply of the IC can be 
taken from the horizontal deflection output 
stage. The start of the other IC functions 
depends on the value of the main supply 
voltage at Pin 10. At 5.5V, all IC functions 
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start operating except the second phase 
detector (oscillator to flyback pulse). The 
output voltage of the second phase detector 
at Pin 14 is clamped by means of an internal- 
ly-loaded NPN emitter-follower. This ensures 
that the duty factor of the horizontal output 
signal (Pin 11) remains at about 65%. The 
second phase detector will close if the supply 
voltage at Pin 10 reaches 8.8V. At this value, 
the supply current for the horizontal oscillator 
and output stage is delivered by Pin 10, which 
also causes the voltage at Pin 16 to change 
to a stabilized 8.7V. This change switches off 
the NPN emitter-follower at Pin 14 and acti- 
vates the second phase detector. The supply 
voltage for the horizontal oscillator will, how- 
ever, still be referred to the stabilized voltage 
at Pin 16, and the duty factor of the output 
signal at Pin 12 is at the value required by the 
delay at the horizontal deflection stage. Thus, 
switch-off delays in the horizontal output 
stage are compensated. When no horizontal 
flyback signal is detected, the duty factor of 
the horizontal output signal is 50%. 


Horizontal picture shift is possible by external- 
ly charging or discharging the 47nF capacitor 
connected to Pin 14. 


The IC also contains a synchronized vertical 
oscillator/sawtooth generator. The oscillator 
signal is connected to the internal comparator 
(the other side of which is connected to Pin 
2), via an inverter and amplitude divider 
stage. The output of the comparator drives an 
emitter-follower output stage at Pin 1. For a 
linear sawtooth in the oscillator, the load 
resistor at Pin 3 should be connected to a 
voltage source of 26V or higher. The saw- 
tooth amplitude is not influenced by the main 
supply at Pin 10. The feedback signal is 
applied to Pin 2 and compared to the saw- 
tooth signal at Pin 3. For an economical 
feedback circuit with less picture bounce, the 
sawtooth signal is internally pre-corrected by 
6% (convex) referred to Pin 2. The linearity of 
the vertical deflection current depends upon 
the oscillator signal at Pin 3 and the feedback 
signal at Pin 2. 


Synchronization of the vertical oscillator is 
inhibited when the mute output is present at 
Pin 13. 


VIDEO SIGNAL 


(PIN 5) 


¢, DETECTOR 


OUTPUT CURRENT 


(PIN 8) 


HORIZONTAL 


OSCILLATOR SIGNAL 


(PIN 15) 


HORIZONTAL 
OUTPUT SIGNAL 


(PIN 11) 


SWITCH-OFF DELAY 
HORIZONTAL OUTPUT STAGE 


FLYBACK PULSE 


(PIN 12) 


2 DETECTOR 


OUTPUT CURRENT 
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SANDCASTLE 


(PIN 14) 


HORIZONTAL 
— 
Le 12yus as 
50Hz: 21 LINES ___ 
60Hz: 17 LINES 


Figure 3. Timing Diagram of the TDA2578A 


PULSE 
(PIN 17) 
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To minimize the influence of the horizontal 
part on the vertical part, a 6.7V bandgap 
reference source is provided for supply and 
reference of the vertical oscillator and com- 
parator. 


The sandcastle pulse, generated at Pin 17, 
has three different voltage levels. The highest 
level (11V) can be used for burst gating and 
black level clamping. The second level (4.6V) 
is obtained from the horizontal flyback pulse 
at Pin 12 and used for horizontal blanking. 
The third level (2.5V) is used for vertical 
blanking and is derived by counting the hori- 
zontal frequency pulses. For 50Hz the blank- 
ing pulse duration is 21 lines, and for 60Hz it 
is 17 lines. The blanking pulse duration and 
sawtooth amplitude is automatically adjusted 
via the 50/60Hz detector. 


The IC also incorporates a vertical guard 
circuit which monitors the vertical feedback 
signal at Pin 2. If this level is below 3.35V or 
higher than 5.15V, the guard circuit will insert 
a continuous level of 2.5V into the sandcastle 
output signal. This will result in complete 
blanking of the screen if the sandcastle pulse 
is used for blanking in the TV set. 


SWITCHING 


“~11V 


ren 45 


onmmy— = 25V 


WF20310S 
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APPLICATION INFORMATION (Continued) 


HORIZONTAL 
FLYBACK SANDCASTLE PULSE 


MUTE AND 
HORIZONTAL f \ 50/60 HZ 


+12V. DRIVE IDENTIFICATION 
5 > 0.2 mA 


<4.0 mA 


TDA2578A 


FEEDBACK DRIVE 


(VERTICAL) 


fo ADJ. 
(HORIZONTAL) VERTICAL VERTICAL 


oe ® 1 
VIDEO +26 v ‘ 


TC20870S 


NOTE: 
1. 226V for linear scan. 


Figure 4. Typical Application Circuit Diagram; for Application of the TDA2578A With the TDA3651— See Figure 7 


TO PIN 180 k 
4 WW P47 
TDA2578A 


TC20880S TC20890S 


NOTES: 

1kQ resistor between Pin 18 and + 12V: without 
mute function. 

180kQ2 between Pin 18 and ground: with mute 
function. 


Figure 5. Circuit Configuration at Figure 6. Circuit Configuration at 
Pin 14 for Phase Adjustment Pin 18 for VCR Mode 
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APPLICATION INFORMATION (Continued) 


VERTICAL 


DEFLECTION 
VERTICAL DRIVE COILS 


(FROM PIN 1 TDA2578A) AT1236/20 


1k Z LINEARITY 


VERTICAL FEEDBACK 
(PIN 2 TDA2578A) + 


6.8 uF 


AMPLITUDE 


8BD09240S 


Figure 7. Typical Application Circuit Diagram of the TDA3651 (Vertical Output) When Used in Combination With the 
TDA2578A, (90° Application) 
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INTRODUCTION 

The Data and Graphics Display (DGD) unit, 
(also referred to as a Video Display Unit), is 
built for wide ranging applications. It consists 
of a very high resolution CRT paired with 
precision deflection coils and all the associat- 
ed display circuitry, as shown in Figure 1. 
Using the same printed circuit board and 
components, it can easily be adapted to 
operate over a wide range of line and field 
frequencies with different flyback times in 
either horizontal (landscape) or vertical (por- 
trait) format. 


The possible applications of this unit range 
from video games to high-resolution displays. 
However, it is as a computer terminal display 
device that the DGD will be most useful. 
Normally, it is the logic design that deter- 
mines all the parameters to be specified in a 
computer system, and it is only when the 
logic circuitry has been finalized that a suit- 
able display is sought. Consequently, the 
display must be tailormade for the applica- 
tion. There are no signs of any standardiza- 
tion in the future. For this reason the DGD 
has been designed to allow different dedicat- 
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ed display units to be built up very simply from 
one basic design. 


The DGD is a straightforward and efficient 
design which will operate with line frequen- 
cies of between 15 and 70kHz and field 
frequencies of 50 to 100Hz, interlaced or non- 
interlaced. All the design features combine to 
provide the resolution required for very high 
density displays (up to 1.5 million picture 
elements per page). They also ensure a 
sharp picture right to the screen corners, and 
allow operation at high horizontal line fre- 
quencies without undue temperature rise. A 
diode-split transformer provides combined 
line scan and EHT and it is this component 
which allows changes in line frequency and 
flyback time to be accomplished very easily. 


NOTE: 
EHT stands for extreme haute-tension, or extreme high 
voltage. 


GENERAL DESCRIPTION 

Figure 2 shows a block diagram of the DGD 
unit and its auxiliary circuits. (The unit is to the 
right of the broken line, with the auxiliary 
circuits to the left.) The circuit diagram is 
shown in Figure 3. 


DF06290S 


Figure 1. DGD Unit 
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The normal DGD requirements of good raster 
geometry and minimal loss of display quality 
between the screen center and corners are 
even more important in high-definition sys- 
tems. To ensure a display offering the best 
possible resolution over the whole line fre- 
quency range, the unit uses high-quality pur- 
pose-designed deflection coils type AT1039. 
These are paired with either the 12 in (M31- 
326) or 15 in (M38-328) picture tubes. These 
coils have been designed using recently de- 
veloped techniques to give good deflection 
performance and raster geometry suitable for 
correction by built-in magnets. For the 12 in 
tube, type AT1039/03 deflection coils are 
used. Two types of coil are available for the 
15 in tube, the AT1039/00 which has been 
optimized for portrait (vertical) formats and 
the AT1039/01 for landscape (horizontal) 
displays. Terminations to each coil are 
brought out separately to allow for both series 
and parallel connections. 


Both line scanning and EHT are provided by a 
purpose-built diode-split transformer. It is the 
flexibility of this device which produces the 
extreme versatility of the DGD unit as a whole 
and allows operation of the wide range of line 
frequencies and flyback times. In addition, all 
auxiliary power supply requirements are ob- 
tained from the same transformer. The prima- 
ry is provided with several taps, each of which 
corresponds to a different peak voltage and 
hence flyback time. By careful positioning of 
these transformer primary taps, and by utiliz- 
ing both parallel and series connection of the 
line deflection coils, a wide variety of flyback 
times can be accomodated in steps. Each 
step allows sensible values of flyback ratio for 
the different line frequencies. Apart from the 
selection of the correct transformer tap, the 
only other components that may need to be 
changed in order to use a different line 
frequency are the oscillator timing capacitor 
C6, S-correction capacitor C22, base drive 
resistor R52, linearity control L1, and heater 
resistor R84 (see Figure 3). 


Although deflection defocusing has been min- 
imized by careful design of the line deflection 
coils, there is still some focusing action in the 
deflection process. Also, there is a difference 
between the electron beam path lengths for 
axial beams and those deflected to the tube 
corners. These effects combine to produce a 
change in focus requirements from the center 
to the edges of the picture tube. To overcome 
this, dynamic focus is employed. The active 
dynamic focus circuit applies parabolic cor- 
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auxiliary circuits 


1V video o 


THLE 
inputs 


SYNC 
INVERTER 


rve line 
sync 


rection in both the line and field directions to 
give precise focus over the whole raster. 
Because the electron gun is a unipotential 
type, the tube has a fairly flat focus character- 
istic. The amplitude of the dynamic focus can 
therefore be preset and adjustment is unnec- 
essary. 


Width control is accomplished with a series- 
parallel inductance arrangement which does 
not affect the flyback time or EHT. Adjustable 
picture shift is supplied in both the line and 
field directions by passing DC through the 
appropriate deflection coils. 


The TDA2595 line oscillator combination IC 
provides the correct waveforms to drive the 
line output transistor via a transformer-cou- 
pled driver stage. This IC includes both the 
line oscillator and coincidence detector, a line 
flyback pulse, obtained from the collector of 
the line output transistor TR2, is required for 
phase detection. A protection circuit which 
turns off the output drive if the voltage at Pin 
8 is either below 4 or above 8V is used to 
provide overvoltage protection for the line 
output stage. 
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main circuit 


VIDEO 


OUTPUT 
SSV HT 
LINE OUTPUT M31—326 12°’ 
M38—328 15” 


LINE 
DRIVER 


AT 4043/64 


LINE 
OSCILLATOR 


TDA2595 


Figure 2. DGD Unit Block Diagram 


All the field timebase functions are converted 
by the TDA26534A IC. It takes a positive-going 
field sync input at TTL level and drives the 
impedance-matched AT-1039 deflection coils 
in series connection. A field blanking pulse, 
which may be used for screen burn pro- 
tection, is available from Pin 2. The IC is 
contained in a 13-lead DIP plastic power 
encapsulation type SOT-141, which offers 
straightforward heatsinking. 


An emitter-driven video output stage is used 
with output transistor TR6 and driver TR7. 
The collector load resistors R87 and R88 with 
peaking coil L5 and some compensation in 
the emitter circuit ensure a bandwidth of 
60MHz at 35V, measured at the cathode. In 
order to minimize stray capacitance, the video 
amplifier is placed on the tube-base printed 
circuit board close to the cathode pin of the 
tube. The 55V HT (High Tension) line is 
provided from the line output stage. 


The unit will accept video input at TTL level 
with positive-going field sync and negative- 
going line sync. However, inputs at other 
levels and polarities may be accepted 
by using the auxiliary circuits, as shown in 
Figure 2. 
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STAGE 


AT2076/84 
DYNAMIC 
FOCUS 


FIELD 
TIMEBASE 


e.h.t. 17kV 


TDA2653A 


BDO03561S 


The main HT line input will depend upon the 
line frequency and varies from about 30 to 
150V. If lower values of HT are preferred, a 
floating tap will accommodate a series boost- 
ed circuit arrangement. 


A 12V supply is required at all frequencies. 
The total power consumption of the unit is 
about 40W. 


Standard measures are taken to protect the 
circuitry in the event of a picture tube flash- 
over. Spark gaps for all picture tube pins are 
provided and all are returned to a single point 
which is, in turn, connected to the outside 
aquadag layer of the tube and the common 
earth point. 


To achieve a satisfactory stable display with 
good linearity and one that is free from 
undesirable modulation, well recognized pro- 
cedures should be adopted with regard to 
printed circuit board layout. It is essential that 
each individual circuit block has its own 
grounding system connected to a central 
point on the main printed circuit board which 
is, in turn, connected to the chassis. Circuit 
layout within the individual blocks may also be 
Critical. 
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Table 1. DGD Unit Specifications 


Picture tube 


Deflection coils 
Line output transformer 
Character display 


Line frequency 
landscape format 
portrait format 


Field frequency 
non-interlaced or interlaced 


EHT 
Line linearity 
Field linearity 


Raster breathing 
(0 to 100uA) 


Line flyback time 
Field flyback time 


Video bandwidth 
(at 35V output measured 
at the cathode) 

Input signals 


Power input 


Originally published as "Technical Publication 115," ELCOMA, The Netherlands, 1983. 
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12 in M31-326 series 
15 in M38-328 series 


AT1039 series 


AT2076/84 
Up to 1.5 X 10® pixels 


15 to 50kHz 
15 to 7OkHz 


50 to 100Hz 
17kV 

Better than 3% 
Better than 3% 


Better than 2% 
3 to 9us 
0.6ms 


60MHz 


Positive field sync at TTL level, negative 
line sync at TTL level, video input at TTL level 


40W total 
30 to 150V 36W 
12V 4W 
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Figure 3. Data and Graphics Display Unit Circuit Diagram 
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Figure 3. Data and Graphics Display Unit Circuit Diagram (Continued) 


February 1987 9-29 


signetics 


Linear Products 


The TDA2578A is a sync separator and 
horizontal/vertical synchronization circuit 
while the TDA3651 is a vertical deflection 
output driver. 


This application note covers general direc- 
tives for the circuit and PCB layout to achieve 
stable horizontal time stability and correct 
vertical interface. 


The TDA2578A combines both a horizontal 
oscillator/PLL and a vertical oscillator/PLL. 
When used in conjunction with a TDA3651 
vertical driver, high system loop gains are 
involved. This requires careful attention to 
ground points and consideration to magnetic 
fields within the receiver/monitor design. 


GENERAL PCB LAYOUT 
DIRECTIVES 


@ Each IC and discrete component should 
be surrounded by a good ground plane 
(See Figure 1). 

@ The ground plane should not be a 
complete closed-loop. This is to avoid 
ground plane-induced currents created 
by magnetic fields. 


@ All circuit peripheral components should 
be connected to the ground plane. 


@ All high current points should be 
grounded on another ground plane 
(double-sided PCB). 


@ Each IC circuit should have its own 
common ''solid'' ground point and 
should be connected to the other 
Circuitry so that no ''strange'’ ground 
plane currents are injected. 


@ Input leads should be short and direct 
to avoid cross-coupling by both 
electrostatic and electromagnetic fields. 

@ A small value resistor in series with 
input leads can decrease flashover IC 
failure problems 


@ Position components with respect to 
leakage fields of the horizontal line 
output transformer. 
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TDA2578A PCB 
CONSIDERATION 


® Grounding point of vertical oscillator 
timing capacitor (Pin 3 & ground) should 
be connected to the Pin 9 ground pin, 
not via a PCB trace which carries either 
large horizontal line currents or video 
information. 


@ The vertical feedback voltage input (Pin 
2) decoupling capacitor should be 
connected to the same PCB trace as 
the vertical oscillator timing capacitor. 


@ The vertical feedback input (Pin 2) has 
a very high input impedance; therefore, 
the scaling resistors should be situated 
close to Pin 2 to prevent parasitic 
capacitive horizontal line cross-coupling. 


@ The vertical integrator capacitor (Pin 4) 
can carry high peak currents up to 
30mA during vertical interval. Therefore 
it should be firmly grounded to Pin 9, 
not, however, by the same ground PCB 
trace as used by the vertical oscillator 
timing capacitor. 

@ The TDA2578A horizontal output (Pin 
11) to drive the base of the horizontal 
output transistor should be restricted to 
30mA peak. This prevents disturbing 
voltage drops on the TDA2578A ground 
lead which can result in an offset 
voltage to the vertical comparator. 


® Special attention is required when 
Capacitive coupling is used to drive the 
horizontal output transistor. 


@ Vertical interlace is strongly influenced 
by parasitic signals when coincidence 
occurs between the vertical oscillator 
flyback and the horizontal blanking 
interval. Coincidence is determined by 
slicing in the vertical integrator and the 
pre-adjustment of the vertical oscillator. 

@ Decoupling of the supply voltages (Pins 
10 and 16) should be kept as short 
and direct to the ground pin (Pin 9) as 
possible. Ripple on the supplies should 
be less than 1%. 
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TDA3651 PCB LAYOUT 
CONSIDERATIONS 


@ The vertical deflection current loop 
should be short and be of low 
impedance, i.e., ample PCB traces on 
Pin 5 deflection coil, coupling capacitor, 
and connection to the feedback resistor 
on Pin 4. 


@ Damping components and horizontal line 
suppression across the yoke deflection 
coil should be located as close as 
possible to the deflection coil connector. 


®@ Horizontal line information modulated on 
the vertical waveform at Pin 5 should 
not exceed 1Vp.p. This is usually 
caused by: 
1. Inductive & capacitive coupling across 
the yoke coils. 
2. Capacitive coupling within vertical con- 
trol loop. 
3. Inductive magnetic coupling. 
4. Supply voltage variations. 
@ Vertical input (Pin 1) requires a bypass 
capacitor of 10pF to ground (Pin 2) to 
suppress the IC current noise. 


@ Feedback capacitance of 220pF from 
Pin 1 (input) and Pin 5 (output) 
improves loop stability. 

@ Supply voltage decoupling (Pin 9) 
should be connected directly to ground 
(Pin 4). 

@ The supply to both the TDA2578A and 
the TDA3651 should be decoupled at 
the source to remove any extraneous 
noise. 


Li, 


GENERAL 
GROUND 
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CONCEPT 
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Figure 1. General Ground Plane 
Concept 
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DESCRIPTION © Duty factor of the horizontal PIN CONFIGURATION 


The TDA2579 generates and synchro- output pulse is 50% when 
nizes horizontal and vertical signals. The horizontal flyback pulse is absent 


device has a 3-level sandcastle output, @ internal vertical sync separator vert out [7] 7a] COIN DET 
transmitter identification signal and also 


N Package 


and two integration selection 
50/60Hz identification. eae ° : 
VERT 3] 76 oy aie 
FEATURES e Divider system with three ge Hs] Moniz OSC 
e Horizontal phase detector, (sync different reset enable windows - baile 
to osc), sync separator and © Synchronization is set to 628 ne ooliliaialaidal 
noise inverter divider ratio when no vertical si waz pa PONS 
e Triple current source in the sync pulses and no video NOISE INV 12) FB INPUT 
phase detector with automatic transmitter is identified PHASE DET [8 | 41] HORIZ DRIVE 
selection e Vertical comparator with a low 
e Inhibit of horizontal phase DC feedback signal rae View 
detector and video transmitter e 50/60Hz identification output 
identification combined with mute function 
e Second phase detector for e Automatic amplitude adjustment 
storage compensation of the for 50 and 60Hz and blanking 
horizontal output stage pulse duration 
e Stabilized direct starting of the 
horizontal oscillator and output APPLICATIONS 
stage e Video terminals 
e Horizontal output pulse with e Television 
constant duty cycle value of e Video tape recorder 


29us 
ORDERING INFORMATION 


TEMPERATURE 
DESCRIPTION RANGE ORDER CODE 


16-Pin Plastic DIP (SOT-102HE) 0 to +70°C TDA2579N 
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BLOCK DIAGRAM 


4.7 uF 
+{]|——0 To PIN 16* 012 6.5mA 


+ 
-- — 22uF—— 1nF 
VIDEO 820 10uF ssh ‘i 


SIGNAL © “Kh. 
8 = 


1uF VERTICAL/ SYNC PULSE START 
6 HORIZONTAL NOISE LEVEL CIRCUIT 


+ 
| J SYNC 
TABILIZER 
i SEPARATOR — DETECTOR Ss 
5.6k i | 
22uF 
7 : Es 


HORIZONTAL SUPPLY 
OSCILLATOR SWITCH 


16 


COINCIDENCE 
DETECTOR 


, HORIZONTAL 
DRIVE 


6.8k 


0 TO PIN 16 


VERTICAL VERTICAL FLYBACK TOO LOW 
ZENER GUARD PULSE CURRENT 
REFERENCE CIRCUIT PROTECTION PROTECTION 


Sica cON PULSE uy PHASE 


AWT: WIDTH DETECTOR 
GUMAATOR MODULATOR ¢2 


2 


VERTICAL 10nF 
FEEDBACK I 


les in 


SANDCASTLE : 

Ss OUTPUT FLYBACK 
~ TO VERTICAL DEFLECTION VERTICAL PULSE 

CURRENT MEASURING RESISTOR DRIVE (INPUT 


100k 


a 
[vio | Sip wotage——SSSCS~=~wrCSC‘“~‘s SSC*dSC 
Prot _| Power daspaton ———SSSC~*SCCtSiY 
“sre | Storage tonpertire ——=SCSC*~*~*dtC«‘ Rw DY 


0 
9 Thermal resistance from junction to 
ah ambient in free air 


November 14, 1986 9-32 


Signetics Linear Products Product Specification 


Synchronization Circuit TDA2579 


DC AND AC ELECTRICAL CHARACTERISTICS = T, = 25°C; |g =6.5mA; Vi9 = 12V, unless otherwise specified. Voltage 


measurements are taken with respect to Pin 9 (ground). 


LIMITS 
SYMBOL PARAMETER UNIT 
jmin | tye | Max 


‘seoySSCSCSC~C—~—SCSC“CSCSs“‘“*SsSSSSCSSS 
[= ear [== 
“ocean pe | fe lm 
vis | Stbies votage Pate ——SSCSC~=~“~*~‘“*~*~“—*~‘~*~*~*~é‘wdC SY | 
Tho | Gament conumpion, Pino ——SSSCS~*~sSSC*~‘“tSCiSYs mm 
vec | Sipe wotage range, P10 —SC=C~=“‘*“*~*~‘“‘~*~*~rSC:SC*dSCi «YC 
Ds [topes SSCS~—“~*~*~‘“‘—*~S*S*S*S~S~S~—~—<—~iSSY as SY 
a 
a 
/[ otay beween vido inn ae dat ope Gee ao Faure) | a2 | oa | os | m= 
[Tine pie nie level astecororout ace =| SSS*Y (CY 


Sync. Pulse 


Noise gate (Pin 5) 


Noise gate (Pin 5) 
Pv | Swicngiet SS SSC~—“—™S~Ss—sSYSC“‘iL vWs=*d]=C wD) SDV 
Pat | Howingnge SS SSC~dCSC‘“~‘*dCSOOSYSSCSC*‘idCSCi‘i 
Par | catering ange SSSCSCS~S~ CY |e 
|_| Serpe uanay anton we | ||| 
with respect to burstkey and flyback pulse 
P| Siow time constant SSCS~=<“~*~*é~dSC‘C‘*O@S~=*d’;SCOSCS™SC*d*SC 
[| Wowmat ime constant —SSSCS~—~“SC‘“‘“(;RSCSOC*dSSSSC*dSC nw 
P| Fasttime constant SS™~—“—~sS~SsSC“‘(LT BSC*dS COC 
[| Phase modulation due to hum on the suppl ine Pin ® | ||| 
ae Phase modulation due to hum on input current Pin 16° P| 008 ff sm A 


Second control loop (Pin 14) (Horizontal flyback to horizontal oscillator) 


a T= T= Te T= 

tp | Control range for constant duty cycle horizontal output 

Controlled edge of horizontal output signal Pin 11 | | positve | 
Phase adjustment (Pin 14) (via second control loop) 


Control sensitivity 
eee 


Maximum allowed control current 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Ta, = 25°C; I1g =6.5mA; Vio = 12V, unless otherwise 
specified. Voltage measurements are taken with respect 
to Pin 9 (ground). 


LIMITS 
SYMBOL PARAMETER UNIT 
pmin | tye | Mex 


Horizontal oscillator (Pin 15) (C = 2.7nF; Rogc = 33kQ 


| Af | Spread (fixed external component, no sync.) 


a ee Ee 
lee 
stabilized condition 

P76 | Tonperaure coottsot —SSSC~=<“—*~*~*~‘—‘—‘~‘“‘*~é‘“rSC‘“‘dPSSOCd'YSCC 

Horizontal output (Pin 11) (Open-collector) 

vin | Ouputvotage nih SSCSC~“—*~*~*~*S*S*—*~iSC“‘SC'!SSCL ORO 
Vin | Star wotage protection (nema! zener dds) —SSS«dSS | Sd;COS| 
iis | tow input curent in 16 protection ouput enabled | 8s 

| Buty ate ouput curent dung siaring he=85mA |S 7 


: 


Output voltage during: 
burstkey A 10.6 
horizontal blanking ; 4.5 4.9 
vertical blanking 2.5 


Pulse width: 
burstkey 
horizontal blanking 


Phase position burstkey 
Time between middle synchronization pulse at Pin 5 and start 
burst at Pin 17 


Time between start sync. pulse and end of burst pulse, Pin 17 rd 


ie) 
N 


o 
s 
an 
o 
. _ ~S 
a 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C; 116 =6.5mA; Vio = 12V, unless otherwise 
specified. Voltage measurements are taken with respect 
to Pin 9 (ground). 


LIMITS 
SYMBOL PARAMETER UNIT 
p min | typ | Max 


Coincidence detector, video transmitter identification circuit and time constant switching levels (see also Figure 1) 


[etecior cut ourent SS SSSC~dSC(‘“‘C;*wS(OSSCdTSSOT A 
Voltage level for in sync. condition (1 normal) Ld 


lig 
Vie iti 
his . 


Switching level 
Vie Mute output active and fast-to-slow 


Switching level frame period counter (3 periods fast) | 008 | of2 | of | vi | 


Switching level 
Slow-to-fast (locking) 10 1a 1.9 V 
Mute output inactive 


Video transmitter identification output (Pin 13) 


50/60Hz identification (Pin 13) (R13 positive supply 15kS2) 
PNP 


= 1S 
@ ro) 


Vi3 
li3 
lig 


Emitter-follower, 
2 X fH 


fV 
2 X fH 


fV 


60Hz: 


< 576 voltage 


50Hz: 


> 576 voltage 


Flyback input pulse (Pin 12) 


middle of the horizontal blanking pulse of Pin 17 


Vertical ramp generator (Pin 3) 


Pulse width charge current 


Charge current 
Top level ramp signal voltage 
V3 Divider in 50Hz mode® 5.1 


Divider in 60Hz mode® 


+ 
aS 
| 


=" 
ine) 
< 

(@) 

(@) 


a a 
Phen 


. 
st 


ie) 

nn 
+ 

” 


< 
re) 


Ss 
~S 
: 


Ramp amplitude C3 = 150nF, 
Rg = 330kQ, 50Hz® 
R, = 330k, 60Hz® 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C; I15=6.5mA; Vi9 = 12V, unless otherwise 
specified. Voltage measurements are taken with respect 
to Pin 9 (ground). 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | tye | Max 


Current source (Pin 4) 


[Current source (Pin) 
a a O 
Allowed current range tPA 


Temperature coefficient output voltage 
TC l4 = 20yuA +50 
TC l4 = 40ynA +20 
TC l4 = 50yuA -40 


Comparator (Pin 2) C3 = 150nF; Rg = 330kQ2 


Input voltage 
Vo_g DC level® 
Vo_9g AC level 


a 
ee a Ta eS 
| Vi-2 | Output voltage lo Pin t=+15mA |e || se | 
a 
LJ 


Tas | Sie. soparatresstr———SSSSCSCS~SSS*dS Ct 
P| continuous sik curent——SSSC~“—~*~*~é~wSC“‘~*‘“dSC SCS 
Vertical guard circuit (Pin 2) Active (V17 = 2.5V) 

[ve [Sea et gt ss Tae Ta 
[Ve | Swing verok® —SSCS~*~“*‘~*~*~*~‘“‘~*~*~*wCSCts«st=Ctiw Sd wT 


NOTES: 
1. Up to 1Vp.p the slicing level is constant, at amplitudes exceeding 1Vp.p the slicing level will increase. 
2. The slicing level is fixed by the formula: 


Rs 
5.3+Rgs 


. Measured between Pin 5 and sandcastle output Pin 17. 
4. Divider in search (large) mode: 

start: reset divider = start vertical sync. plus 1 clock pulse 
stop: 


X 100% (Rg value in kQ) 


[oe] 


H 
> 576 clock pulse 42 


n= 


H 
< 576 clock pulse 34 


n= 


Divider in small window mode: 
start: clock pulse 517 (60Hz) clock pulse 619 (50Hz) 
stop: clock pulse 34 (60Hz) clock pulse 42 (50Hz) 
5. Depends on DC level of Pin 5, given value is valid for V5* 5V. 
6. Value related to internal zener diode reference voltage source spread includes the complete spread of reference voltage. 
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FUNCTIONAL DESCRIPTION 


Vertical Part (Pins 1, 2, 3, 4) 
The IC embodies a synchronized divider sys- 
tem for generating the vertical sawtooth at 
Pin 3. The divider system has an internal 
frequency doubling circuit, so the horizontal 
oscillator is working at its normal line frequen- 
cy and one line period equals 2 clock pulses. 
Due to the divider system, no vertical fre- 
quency adjustment is needed. The divider has 
a discriminator window for automatically 
switching over from the 60Hz to 50Hz system. 
The divider system operates with 3 different 
divider reset windows for maximum interfer- 
ence/disturbance protection. 


The windows are activated via an up/down 
counter. The counter increases its counter 
value by 1 for each time the separated 
vertical sync. pulse is within the searched 
window. The count is reduced by 1 when the 
vertical sync. pulse is not present. 


Large (Search) Window: Divider 
Ratio Between 488 and 722 


This mode is valid for the following condi- 
tions: 


1. Divider is looking for a new transmitter. 


2. Divider ratio found, not within the narrow 
window limits. 


3. Non-standard TV-signal condition detected 
while a double or enlarged vertical sync. 
pulse is still found after the internally- 
generated antitop flutter pulse has ended. 
This means a vertical sync. pulse width 
larger than 8 clock pulses (50HZ), that is, 
10 clock pulses (60Hz). In general this 
mode is activated for video tape recorders 
operating in the feature/trick mode. 


4. Up/down counter value of the divider sys- 
tem operating in the narrow window mode 
drops below count 1. 


5. Externally setting. This can be reached by 
loading Pin 18 with a resistor of 180kQ to 
earth or connecting a 3.6V diode stabistor 
between Pin 18 and ground. 


Narrow Window: Divider Ratio 
Between 522-528 (60Hz) or 
622-628 (50Hz). 


The divider system switches over to this 
mode when the up/down counter has 
reached its maximum value of 12 approved 
vertical sync. pulses. When the divider oper- 
ates in this mode and a vertical sync. pulse is 
missing within the window, the divider is reset 
at the end of the window and the counter 
value is lowered by 1. At a counter value 
below count 1 the divider system switches 
over to the large window mode. 
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MIDDLE OF THE 
HORIZONTAL SYNC PULSE 


VIDEO SIGNAL 
(PIN 5) 


¥1 DETECTOR 
OUTPUT CURRENT 
(PIN 8) 


HORIZONTAL 
OSCILLATOR SIGNAL 
(PIN 15) 


HORIZONTAL 
OUTPUT SIGNAL 
(PIN 11) 


SWITCH-OFF DELAY 
HORIZONTAL OUTPUT STAGE 


FLYBACK PULSE 
(PIN 12) 
OV 


¥2 DETECTOR 
OUTPUT CURRENT 
(PIN 15) 


SANDCASTLE PULSE 
(PIN 17) 
HORIZONTAL BLANKING 


SWITCHING LEVEL 
ston 


a 


DIVIDER IN 

SEARCH 

WINDOW 

MODE 
OTHER DIVIDER 
MODES 


50Hz: 42 CLOCK PULSES 
60Hz: 34 CLOCK PULSES 


50Hz: 49 CLOCK PULSES. 
60Hz: 42 CLOCK PULSES 


Figure 1. Timing Diagram of the TDA2579 


Standard TV Norm 

When the up/down counter has reached its 
maximum value of 12 in the narrow window 
mode, the information applied to the up/down 
counter is changed such that the standard 
divider ratio value is tested. When the counter 
has reached a value of 14, the divider system 
is changed over to the standard divider ratio 
mode. In this mode the divider is always reset 
at the standard value even if the vertical sync. 
pulse is missing. A missed vertical sync. pulse 
lowers the counter value by 1. When the 
counter reaches the value of 10, the divider 
system is switched over to the large window 
mode. The standard TV norm condition gives 
maximum protection for video recorders play- 
ing tapes with anti-copy guards. 


No TV Transmitter Found: (Pin 
18 < 1.2V) 


In this condition, only noise is present, the 
divider is reset to count 628. In this way a 
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stable picture display at normal height is 
achieved. 


Video Tape Recorders in 


Feature Mode 

It should be noted that some VTRs operating 
in the feature modes, such as picture search, 
generate such distorted pictures that the no 
TV transmitter detection circuit can be acti- 
vated as Pin Vig drops below 1.2V. This 
would imply a rollowing picture (condition d). 
In general, VTR machines use a reinserted 
vertical sync. pulse in the feature mode. 
Therefore, the divider system has been made 
such that the automatic reset of the divider at 
count 628 when Vg is below 1.2V is inhibited 
when a vertical sync. pulse is detected. 


The divider system also generates the anti- 
top flutter pulse which inhibits the phase 1 
detector during the vertical sync. pulse. The 
width of this pulse depends on the divider 
mode. For the divider mode a, the start is 
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generated at the reset of the divider. In 
modes b and ¢, the anti-top flutter pulse starts 
at the beginning of the first equalizing pulse. 
The anti-top flutter pulse ends at count 8 for 
50Hz and count 10 for 60Hz. The vertical 
blanking pulse is also generated via the 
divider system. The start is at the reset of the 
divider while the blanking pulse ends at count 
34 (17 lines for 60Hz, and at count 42 (21 
lines) for 50Hz systems. The vertical blanking 
pulse generated at the sandcastle output Pin 
17 is made by adding the anti-top flutter pulse 
and the blank pulse. In this way the vertical 
blanking pulse starts at the beginning of the 
first equalizing pulse when the divider oper- 
ates in the b or c mode. For generating a 
vertical linear sawtooth voltage a capacitor 
should be connected to Pin 3. The recom- 
mended value is 150nF to 330nF (see Block 
Diagram). 


The capacitor is charged via an_ internal 
current source starting at the reset of the 
divider system. The voltage on the capacitor 
is monitored by a comparator which is activat- 
ed also at reset. When the capacitor has 
reached a voltage value of 5.5V for the 50Hz 
system or 4.7V for the 60Hz system the 
voltage is kept constant until the charging 
period ends. The charge period width is 26 
clock pulses. At clock pulse 26 the compara- 
tor is switched off and the capacitor is dis- 
charged by an NPN transistor current source, 
the value of which can be set by an external 
resistor between Pin 4 and ground (Pin 9). Pin 
4 is connected to a PNP transistor current 
source which determines the current of the 
NPN current source. The PNP current source 
on Pin 4 is connected to an internal zener 
diode reference voltage which has a typical 
voltage of © 7.1V. The recommended operat- 
ing current range is 10 to 50uA. The resis- 
tance at pin R4 should be 140 to 700k22. By 
using a double current mirror concept the 
vertical sawtooth pre-correction can be set on 
the desired value by means of external com- 
ponents between Pin 4 and Pin 3, or by 
connecting the Pin 4 resistor to the vertical 
current measuring resistor of the vertical 
output stage. The vertical amplitude is set by 
the current of Pin 4. The vertical feedback 
voltage of the output stage has to be applied 
to Pin 2. For the normal amplitude adjustment 
the values are DC = 1V and AC = 0.8V. Due 
to the automatic system adaption both values 
are valid for 50Hz and 60Hz. 


The low DC-voltage value improves the pic- 
ture bounce behaviour as less parabola com- 
pensation is necessary. Even a fully DC- 
coupled feedback circuit is possible. 


Vertical Guard 

The IC also contains a vertical guard circuit. 
This circuit monitors the vertical feedback 
signal on Pin 2. When the level on Pin 2 is 
below 0.4V or higher than 1.9V, the guard 
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Circuit inserts a continuous level of 2.5V in the 
sandcastle output signal of Pin 17. This 
results in the blanking of the picture dis- 
played, thus preventing a burnt-in horizontal 
line. The guard levels specified refer to the 
zener diode reference voltage source level. 


Driver Output 

The driver output is at Pin 1, it can deliver a 
drive current of 1.5mA at 5V output. The 
internal impedance is about 15002. The out- 
put pin is also connected to an _ internal 
current source with a sinking current of 
0.25mA. 


Sync. Separator, Phase 
Detector and TV Station 
Identification, (Pins 5, 6, 7, 8, 
and 18) 

The video input signal is connected to Pin 5. 
The sync. separator is designed such that the 
slicing level is independent of the amplitude 
of the sync. pulse. The black level is mea- 
sured and stored in the capacitor at Pin 7. 
The slicing level value is stored in the capaci- 
tor at Pin 6. The slicing level value can be 
chosen by the value of the external resistor 
between Pins 6 and 7. The value is given by 
the formula: 


Rg X 100 


(Rs value in k{2) 
5.3+Rs 

Where Rs is the resistor between Pins 6 and 

7 and top sync. level equals 100%. The 

recommended resistor value is 5.6kQ. 


Black Level Detector 

A gating signal is used for the black level 
detector. This signal is composed of an 
internal horizontal reference pulse with a duty 
cycle of 50% and the flyback pulse at Pin 12. 
In this way the TV transmitter identification 
operates also for all DC conditions at input 
Pin 5 (no video modulation, plain carrier only). 


During the frame interval the slicing level 
detector is inhibited by a signal which starts 
with the anti-top flutter pulse and ends with 
the reset vertical divider circuit. In this way 
shift of the slicing level due to the vertical! 
sync. signal is reduced and separation of the 
vertical sync. pulse is improved. 


Noise Inverter 

An internal noise inverter is activated when 
the video level at Pin 5 drops below 0.7V. The 
IC embodies also a built-in sync. pulse noise 
level detection circuit. This circuit is directly 
connected to Pin 5 and measures the noise 
level at the middle of the horizontal sync. 
pulse. When a noise level of 600mVp.p is 
detected, a counter circuit is activated. A 
video input signal is processed as ''accept- 
able noise-free'' when 12 out of 16 sync. 
pulses have a noise level below 600mV for 
two succeeding frame periods. The sync. 
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pulses are processed during a 16 line width 
gating period generated by the divider sys- 
tem. The measuring circuit has a built-in noise 
level hysteresis of about 150mV (* 3dB). 


When the "acceptable noise-free'' condition 
is found, the phase detector of Pin 8 is 
switched to not-gated and normal time con- 
stant. When a higher sync. pulse noise level 
is found, the phase detector is switched over 
to slow time constant and gated sync. pulse 
phase detection. At the same time the inte- 
gration time of the vertical sync. pulse sepa- 
rator is adapted. 


Phase Detector 

The phase detector circuit is connected to Pin 
8. This circuit consists of 3 separate phase 
detectors which are activated depending on 
the voltage of Pin 18 and the state of the 
sync. pulse noise detection circuit. 


All three phase detectors are activated during 
the vertical blanking period, this with the 
exception of the anti-top flutter pulse period, 
and the separated vertical sync. pulse time. 


As a result, phase jumps in the video signal 
related to video head takeover of video re- 
corders are quickly restored within the vertical 
blanking period. At the end of the blanking 
period, the phase detector time constant is 
lowered by 2.5 times. In this way no need for 
external VTR time constant switching exists, 
so all station numbers are suitable for signals 
from VTR, video games or home computers. 


For quick locking of a new TV station starting 
from a noise-only signal condition (normal 
time constant), a special circuit is incorporat- 
ed. A new TV station which is not locked to 
the horizontal oscillator will result in a voltage 
drop below 0.1V at Pin 18. This will activate a 
frame period counter which switches the 
phase detector to fast for 3 frame periods. 


Horizontal Oscillator 

The horizontal oscillator will now lock to the 
new TV station and as a result, the voltage on 
Pin 18 will increase to about 6.5V. When Pin 
18 reaches a level of 1.8V the mute output 
transistor of Pin 13 is switched off and the 
divider is set to the large window. In general 
the mute signal is switched off within 5ms (pin 
Cig =47nF) after reception of a new TV 
signal. When the voltage on Pin 18 reaches a 
level of 5V, usually within 15ms, the frame 
counter is switched off and the time constant 
is switched from fast to normal. 


If the new TV station is weak, the sync. noise 
detector is activated. This will result in a 
changeover of Pin 18 voltage from 7V to ~ 
10V. When Pin 18 exceeds the level of 7.8V 
the phase detector is switched to slow time 
constant and gated sync. pulse condition. 
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When desired, most conditions of the phase 
detector can also be set by external means in 
the following way: 


a. Fast time constant TV transmitter identifi- 
cation circuit not active, connect Pin 18 to 
earth (Pin 9). 


b. Fast time constant TV transmitter identifi- 
cation circuit active, connect a resistor of 
180kQ2. between Pin 18 and ground. 
This condition can also be set by using a 
3.6V stabistor diode instead of a resistor. 


c. Slow time constant, (with exception of 
frame blanking period), connect Pin 18 via 
a resistor of 10kQ to +12V, Pin 10. In this 
condition the transmitter identification cir- 
cuit is not active. 


d. No switching to slow time constant desired 
(transmitter identification circuit active), 
connect a 6.8V zener diode between Pin 
18 and ground. 


Figure 2 illustrates the operation of the 3 
phase detector circuits. 


Supply (Pins 9, 10 and 16) 

The IC has been designed such that the 
horizontal oscillator and output stage can 
start operating by application of a very low 
supply current into Pin 16. 


The horizontal oscillator starts at a supply 
current of about 4.5mA. The horizontal output 
stage is forced into the non-conducting stage 
until the supply current has a typical value of 
5.5mA. The circuit has been designed so that 
after starting the horizontal output function a 
current drop of © 1mA is allowed. The start- 
ing circuit gives the possibility to derive the 
main supply (Pin 10), from the horizontal 
output stage. The horizontal output signal can 
also be used as the oscillator signal for 
synchronized switch-mode power supplies. 
The maximum allowed starting current is 
10mA. The main supply should be connected 
to Pin 10, and Pin 9 should be used as 
ground. When the voltage on Pin 10 in- 
creases from zero to its final value (typically 
12V) a part of the supply current of the 
starting circuit is taken from Pin 10 via internal 
diodes, and the voltage on Pin 16 will stabilize 
to a typical value of 8.7V. 


In stabilized condition (Pin Vio > 9.5V) the 
minimum required supply current to Pin 16 is 
= 2.5mA. All other IC functions are switched 
on via the main supply voltage on Pin 10. 
When the voltage on Pin 10 reaches a value 
of © 7V the horizontal phase detector circuit 
is activated and the vertical ramp on Pin 3 is 
started. The second phase detector circuit 
and burst pulse circuit are started when the 
voltage on Pin 10 reaches the stabilized 
voltage value of Pin 16 which is typically 8.7V. 


For closing the second phase detector loop, 
a flyback pulse must be applied to Pin 12. 
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Figure 2. Timing Diagram, Phase Detectors. 


When no flyback is detected, the duty cycle 
of the horizontal output stage is 50%. 


For remote switch-off Pin 16 can be connect- 
ed to ground (via an NPN transistor with a 
series resistor of © 50022) which switches off 
the horizontal output. 


Horizontal Oscillator, Horizontal 
Output Transistor, and Second 
Phase Detector (Pins 11, 12, 14 
and 15) 


The horizontal oscillator is connected to Pin 
15. The frequency is set by an external RC 
combination between Pin 15 and ground, Pin 
9. The open collector horizontal output stage 
is connected to Pin 11. An internal zener 
diode configuration limits the open voltage of 
Pin 11 to © 14.5V. 


The horizontal output transistor at Pin 11 is 
blocked until the current into Pin 16 reaches a 
value of ~ 5.5mA. 


A higher current results in a horizontal output 
signal at Pin 11, which starts with a duty cycle 
of ~ 35% HIGH. 


The duty cycle is set by an internal current 
source-loaded NPN emitter-follower stage 
connected to Pin 14 during starting. When Pin 
16 changes over to voltage stabilization, the 
NPN emitter-follower and current source load 
at Pin 14 are switched off and the second 
phase detector circuit is activated, provided a 
horizontal flyback pulse is present at Pin 12. 
When no flyback pulse is detected at Pin 12 
the duty cycle of the horizontal output stage is 
set to 50%. 


The phase detector circuit at Pin 14 compen- 
sates for storage time in the horizontal deflec- 
tion output stage. The horizontal output pulse 
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duration in 29us HIGH for storage times 
between ius and 17s (29s flyback pulse of 
12us). A higher storage time increases the 
HIGH time. Horizontal picture shift is possible 
by forcing an external charge or discharge 
current into the capacitor of Pin 14. 


Mute Output and 50/60Hz 


identification (Pin 13) 

The collector of an NPN transistor is connect- 
ed to Pin 13. When the voltage on Pin 18 
drops below 1.2V (no TV transmitter) the NPN 
transistor is switched ON. 


When the voltage on Pin 18 increases to a 
level of + 1.8V (new TV transmitter found) the 
NPN transistor is switched OFF. 


Pin 13 has also the possibility for 50/60Hz 
identification. This function is available when 
Pin 13 is connected to Pin 10 (+12V) via an 
external pull-up resistor of 10 —-20kQ. When 
no TV transmitter is identified, the voltage on 
Pin 13 will be LOW (<0.5V). When a TV 
transmitter with a divider ratio > 576 (50Hz) is 
detected the output voltage of Pin 13 is HIGH 
(+12). 


When a TV transmitter with a divider ra- 
tio < 576 (60Hz) is found an internal PNP 
transistor with its emitter connected to Pin 13 
will force this pin output voltage down to ~ 
TOV. 


Sandcastle Output (Pin 17) 

The sandcastle output pulse generated at Pin 
17, has three different voltage levels. The 
highest level, (11V), can be used for burst 
gating and black level clamping. The second 
level, (4.5V), is obtained from the horizontal 
flyback pulse at Pin 12, and is used for 
horizontal blanking. The third level, (2.5V), is 
used for vertical blanking and is derived via 
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Synchronization Circuit TDA2579 


the vertical divider system. For 50Hz the TYPICAL APPLICATION 


blanking pulse duration is 42 clock pulses and 
for 60HZz it is 34 clock pulses started from the 
vertical divider reset. For TV signals which 
have a divider ratio between 622 and 628 or 
522 and 528 the blanking pulse is started at 
the first equalizing pulse. 


VERTICAL DRIVE 
(FROM PIN 1 TDA2579) 


VERTICAL FEEDBACK o 
(PIN 2 TDA2579) 
a —— 
VERTICAL 
AMPLIFIER 


TC11450S 


Figure 3 
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DESCRIPTION FEATURES PIN CONFIGURATION 


The TDA2593 is a monolithic integrated ¢ Horizontal oscillator based on 

Circuit intended for use in color television the threshold switching principle 
receivers in combination with TDA2510, Phase comparison between sync 
TDA2520, TDA2560 as well as with pulse and oscillator voltage (04) 
TDA3505, TDA3510, and TDA3520. 


N Package 


e Internal key pulse for phase 
detector (1) (additional noise 


saci 13] PHASE DET 1 
limiting) om TIME CON 

" : : 
Phase comparison between line sania ain VCR SWITCH/ 
flyback pulse and oscillator anyones COIN DET 
voltage (2) PULSE OUT 10] NOISE SEP 

e Larger catching range obtained PULSE OUT LE .9} VIDEO IN 
by coincidence detector (3; 
between sync and key pulse) co124408 


e Switch for changing the filter 
characteristic and the gate circuit 
(VCR operation) 


e Sync separator 
e Noise separator 


e Vertical sync separator and 
output stage 


e Color burst keying and line 
flyback blanking pulse generator 


e Phase shifter for the output 
pulse 


e Output pulse duration switching 


e Output stage with separate 
supply voltage for direct drive of 
thyristor deflection circuits 


e Low supply voltage protection 


APPLICATIONS 
e Video monitors 
e TV receivers 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP (SOT-38) -20°C to +70°C TDA2593N 
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BLOCK DIAGRAM 


+(PIN 1: POINT A) 


BURST GATING AND LINE FLYBACK PULSE DURATION 
BLANKING PULSE PULSE - 


nv— 50V — 00 
asv-rlt N\ 
ov Q 


47k Mus +ty 
. + 


4 
PHASE SHIFTER 


Tus TO LINE 
DEFLECTION 


7 


© wees 


GENERATOR 


5 TRIGGER PULSE i 


E GATE MODE = GATE 


SWITCH 


COINCIDENCE 
TIME CONSTANT 


VCR 


0.47 pF e 5 SHORT-CIRCUIT O+ (PIN 1: POINT A) +(PIN 1: POINT A) 


4 FOR f. ADJUST 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


Supply voltage 
at Pin 1 (voltage source) 
at Pin 2 


Voltages 
Pin 4 
Pin 9 
Pin 10 
Pin 11 


Currents 
Pins 2 and 3 (thyristor driving) 
(peak value) 

Pins 2 and 3 (transistor driving) 

(peak value) 

Pin 4 

Pin 6 

Pin 7 

Pin 11 


low, —lom 


low, —lom 


14 


Ta 
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Horizontal Combination TDA2593 


DC AND AC ELECTRICAL CHARACTERISTICS at Voc = 12V; Ta = 25°C; measured in Block Diagram. 


LIMITS 
SYMBOL PARAMETER UNIT 
pmin | tye | Max 


Sync separator 


Sweeper OOOSOSC“SCSC‘“SsSSSS 
Vo-1e | nut ewiching otage——SSSCSC~“*‘“*S*“‘“~*S*S*é*dSC“‘(;COW:*C*dSCOSC“‘S OSC 
in| emt tong cures ——SSSC~—~S~S 
ie _| rout eaage curent at Vene=-eVSSSCS~SSCSC*idRSSCSCiC 
in| rm swing caren ———SSSCS~Ss*~—~‘TSSC“‘“iRSSC*‘dSC Pk 
in| Switch oft curent——SSSCSCS~—~*~‘“—*~*~*~*wC wk 
verry | nm sone eaitopeakwavy ———=S=~=~“*~*‘“S:~C*dSCC‘idSC( 


Noise separator 


[Viowve | input ewiehing wage SSSCSC~dSCSCSCS ee 
Sr 
rio | Imputswiching curent———SSSSC~*~*~dCSCSOOSYCwS*YC 
io | Input lahago curent at Vinve=6VSSSSC~iSC‘“‘CSédYSC*C*‘dSCSNNSSCdDS 
[Vio-see 2) | Input signal Geakiopoak vane) SiS 

FVio-reem | Permissible superimposed noise signal Geakiopeak ve) | + «i? ~~ 
Line flyback pulse 

ris | otowen—SSSC~—“—~SCSCSCSCSmSsYS SPT 
vows | tpt ewicring wotage —SSSSSC=~=“~*~*~*é~*SC“‘(CS*‘L ®~<[=~S~*iSC‘SC*” 
Ven16 | tpt tinting votage —SSSCSC~<“~*~*~*~é~sCS«dSCs‘“C*‘iSC Hw SP 


Vi4-16 Input voltage 0 to 2.5 V 
44 m 


Pulse duration switch for t= 7us (thyristor driving) 


vn | motvotags SS SSC~“~s~*~ésSSC“‘“(!™C# Oe 
Taf mputeurent SCSC~<“s*~*~“‘“‘*S*S*~*~<“‘~*~*é~sSCiSESSC‘idSC“‘#;S)SO 
Pulse duration switch for t = 14us + tp (transistor driving) 

vane | mputvotege SS SSC~“~*~S*~*~*~*~é~sSCiSC‘i*dRSC“‘(#C#SCYSOWS «SDV 
a 
Pulse duration switch for t=0; V3_ig6=0 or input Pin 4 open 

Tv | mouvotage —SSSC=“‘“*S*dSCSS*~C*SC“‘#O OWS © 
a 
Vertical sync pulse (positive-going) 

Ve-saein | Ouput votage (poakioneckveue)SSSCdSSCOTO TCS 
Re | Ouputresstance SS SSSC~<“~*‘“~*~*‘“‘~‘“~*é~*rS*~“‘“RSCSC*dSCSC*‘“‘CS#*SLORC 
toy | Delay between leading ogo of put and ouipat surat | Sis] 
torr | Delay between taling edge of input and ouput snat | S| tw | SCC 


> 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at Voc = 12V; Ta = 25°C; measured in Block Diagram. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | tye | Max 


Burst gating pulse (positive-going) 


Rh Output resistance 


fees 1 fe 
)—[emeurmasraramiee = [oe [oe [oe 
the leading edge of the burst gating pulse; V7_ 16 = 7V 

ri] Output wating edge curert 
Line flyback-blanking pulse (positive-going) 

Viva | Output votage (peakioposk vane) ——SSSCS=~=“‘*‘~*idSSC‘“dSC‘SC‘i*SNSN’N’NW LU" 
Thr | Ouputresitarce SS SSSCSC~=“*‘“~*~*~*‘é“dSC“‘(CSYSON’S*#@dCSC“‘#S‘CN“SOD'—S 
Th | Output waing expo curert ——SSSCS~=~“~*‘“*~“‘“‘*~SSC“‘“(TS@~*«dGCSCSC*~“‘“RSOMAC 


Line drive pulse (positive-going) 


Output resistance 
for leading edge of line pulse Q 
for trailing edge of line pulse Q 


Pulse duration (transistor driving) V4_16=0 to 4V; tep = 12us a 


Overall phase relation 


Phase relation between middle of sync pulse and the middle of 53 
the flyback pulse M 


The adjustment of the overall phase relation and consequently 
the leading edge of the line drive occurs automatically by phase 
Als/At control Yo. A/S 
If additional adjustment is applied it can be arranged by current 
supply at Pin 5 


Oscillator 


Viste | Testo votage ower SC*SSCSC“‘“dS Sd 
Vie-1e | Treated votage hgh iver ——SSSSC*SSCSC*‘dSw PY 
a 
Pra Frequency; free running (Cosc = 4.7NF; Rosco = 12kQ) — 


Afo/Alys5 Frequency control sensitivity 
Afo/fo Adjustment range of network in circuit (see Block Diagram) 


_ Afo/fo_ 
Influence of supply voltage on frequency 
AV/Vnom 


Change of frequency when V;_4i¢ drops to 5V 
Temperature coefficient of oscillator frequency 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at nn 12V; Ta = 25°C; measured in Block Diagram. 


Puig 
a a pwn [tye | mex | 


Phase comparison y, 


Control voltage range eS 
Control current (peak value) ef 


Output leakage current 
“ at Vig-16 =4 to 8V 


Output resistance 


Ri3 at Vi3-16 =4 to 8V° high ohmic 
Ri3 at Vi9-16 < 3.8V or >8.2V® low ohmic 


Pf onict sersivty SS SSCS™~—ssSSSC“‘L#S@C«dSCC*d;SC 

ar _| Catching and holding range (2K bowoon Pins 1S and 16) | —+| 2760) «| Sse 

Tata | Spree of catching end hoting vrgo—SSC]SSSC*iSO]SSC*dSC(‘ mC 
Phase comparison 2 and phase shifter 

A ENO CI ES” A 

Tw | Control curent oak vans) ——SSSCSC~“~“~*~*~*~*—‘—‘“SC‘“‘SC TC” 


Output resistance 
at V5_16 = 5.4 to 7.6V" Pi ohmic 
at Vs_ig< 5.4 or > 7.6V 
Input leakage current . 
Vs5_16 = 5.4 to 7.6V 


Permissible delay between leading edge of output 
Jacks and leading edge of flyback pulse (trp = 12us) 


Coincidence detector 3 


Virate [ Oume votags—SCSC~=“‘“‘*S*S*S*S*S*S*C*“‘“*S*dCSSCSdSSCONC“‘#SON “CV 


Output current (peak value) 
without coincidence 
with coincidence 


Time constant switch 


Output voltage ee ee oe 
Output current (limited) rs es ee ee 


Output resistance 
0.1 kQ2 
60 kQ 
Internal gating pulse 


at Vi1_16 = 2.5 to 7V 


at Vi1~-16 < 1.5V or > 9V 
NOTES: 


. Permissible range 1 to 7V. 

. tp = switch-off delay of line output stage. 
. Line flyback pulse duration trp = 12ys. 

. Excluding external component tolerances. 
. Current source. 

. Emitter-follower. 

. Current source. 


NO Oh OND — 
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DESCRIPTION 

The TDA2594 is a monolithic integrated 

Circuit intended for use in color television 

receivers. 

FEATURES 

e Horizontal oscillator based on 
the threshold switching principle 

e Phase comparison between sync 
pulse and oscillator voltage (1) 

e Internal key pulse for phase 
detector (1) (additional noise 
limiting) 

e Phase comparison between line 
flyback pulse and oscillator 
voltage (2) 

e Larger catching range obtained 
by coincidence detector (3 
between sync and key pulse) 

e Switch for changing the filter 
characteristic and the gate circuit 
(VCR operation) 

e Sync separator 

@ Noise separator 

e Vertical sync separator and 
output stage 


ORDERING INFORMATION 


TDA2594 


Horizontal Combination 


Product Specification 


e Color burst keying and line 
flyback blanking pulse generator 
and clamp circuit for vertical 
blanking 


e Phase shifter for the output 
pulse 


e Output pulse duration for 
transistor reflection systems 


e External switching off of the line 
trigger pulse 

e Output stage with separate 
supply voltage 

e Low supply voitage protection 


e Transmitter identification and 
muting circuit, and vertical sync 
switch-off 


APPLICATIONS 

e Video processing 

e Television receivers 
e Video monitors 

e Sync separator 


PIN CONFIGURATION 
N Package 


LINE TGaen 2 117] OSCILLATOR 


116] OSCILLATOR 


PHASE COMP 1 
PHASE 14] TIME CNST 
SHIFTER SWITCH 


FLYBACK oO 13] VCR SWITCH IN 
PULSE & COINC DET 


112] NOISE SEP 


LINE DRIVE 
PULSE OUT 


PULSE 
SWITCH-OFF 4 


MUTE OUTPUT | 9| 10] TV XMIT ID 


TOP VIEW 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin Plastic DIP (SOT-102DS) -20°C to +70°C TDA2594N 
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TDA2594 


BLOCK DIAGRAM 


BURST KEY/ 


VERTICAL is mii PULSE 
SYNC mi ov 


PULSE ov 3mA 


= | BLANKING 


4 


me 


LINE TRIGGER PULSE 
& 


SWITCH-OFF 


TRIGGER 
PULSE 
GENERATOR 


TE 
Oo 
IT 
TRANSMITTER zz 
IDENTIFICATION = 


10 
10 nF <a 
= ‘'‘o; 
ADJ. 


SYMBOL PARAMETER 


Supply voltage 
at Pin 1 (voltage source) 
at Pin 2 


Voltages 
Pin 4 
Pin 9 


Pin 11 
Pin 12 
Pin 13 


Currents 
Pins 2 and 3 (transistor driving) 
(peak value) 
Pin 4 
Pin 6 
Pin 7 
Pin 9 
Pin 13 


Total power dissipation 
Storage temperature range 


Ta Operating ambient temperature range 


February 12, 1987 


beetle GATE 
SWITCH Z Tee) 


PHASE 
DETECTOR 


RATING UNIT 


2 
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DC AND AC ELECTRICAL CHARACTERISTICS at V;_1 = 12V; T, = 25°C; measured in Block Diagram. 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | tye | Mex 


Sync separator (Pin 11) 


Virmse [nmi evicting votage——SSCSC~C~—~“—sS*~*~“‘—*~‘iTSC“‘id! ow Yd 

Pin | not tng curont ——SSSSCSCSC~—~—SCS Pi 

Fin | tut latage ouron @tVirrw=-VSSCSC~iSCSC‘sSCSC‘“dSS Yk 

Pin | mot ewig curent = SSSSSCSC~—~iSSSCSCdSd 

[swich of ourent—SSSCSC~“~“‘“‘“~srC Pwd 
mien 


Input signal (peak-to-peak value) 


V44- 18(P-P) 


Noise separator (Pin 12) 


Vi2-18 Input switching voltage Pd 
lo Input keying current PB | 
Input switching current 


: 


1.4 

150 
Input leakage current at Vi2_4g =-5V 

Vi2-18(P-P) | Input signal (peak-to-peak value) 


Vi2-19(Pp-P) | Permissible superimposed noise signal (peak-to-peak value) 
Line flyback pulse (Pin 6) 


Input current 
V6-18 Input switching voltage 


V6-18 Input limiting voltage -0.7 
Switching on VCR (Pin 13) 


Vi3-18 Input voltage 
Input current 


Pulse switching off (Pin 4) For t=0; input Pin 4 open or V3_1g =0 


l4 Input current LA 
Re | Ouutresstance SSCS 
tow | Delay betwoon lading edge of pul and ouput oral 
Delay between trailing edge of input and output signal 
Switching off the vertical sync pulse V 
v 


Pulse duration; V7_43 = 7V 


fe 
Phase relation between middle of sync pulse at the input and 245 
the leading edge of the burst key pulse; V7_14g = 7V : 


a 


oe 
_ 
oS 


on 


x 


5 


—_ 


70 
4 


aS 
ioe) 


.= 


3.15 


Output trailing edge current 


Saturation voltage during line scan 


> 


= 
—_ 
} 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at V;_43=12V; Ta = 25°C; measured in Block Diagram. 


LIMITS 
SYMBOL PARAMETER UNIT 
pwn | tye | Ma 


Line flyback-blanking pulse (Pin 7) (positive-going) 


‘ew | Owptvotage ——SCSC~“~*~“~*~*~‘“‘—‘~*~srSCSSCdS 
Ph | Owpwtresstencs ——SC=~=~“‘“*S*~“‘“RSSC“‘“SS®CCSSC“‘“RSS 
rie | ouput waing ease cure ——SSSSCSC~—~—~—*—siSSC*‘“RS SYS 


Field flyback/blanking pulse (Pin 7) 


Vv Output voltage with externally forced in current Vv 
als l7 = 2.4 to 3.6mA 
Rr | Output resistance att=amA | 


Output resistance at l7 = 3mA 


TV transmitter identification output (Pin 9) (open-collector) 


TV transmitter identification (Pin 10) 


When receiving a TV signal, the voltage Vi9_1g will change 
from <1V to27V 


Line drive pulse (positive-going) 


Output resistance 
for leading edge of line pulse 
for trailing edge of line pulse 


Pulse duration (transistor driving) 
V4-1g =0 to 3.5V; -l4 2 200uA; tep = 12us 


Overall phase relation 


Phase relation between middle of sync pulse 33 
and the middle of the flyback pulse . 


The adjustment of the overall phase relation and consequently 
the leading edge of the line drive pulse occurs automatically by 
phase control Yo. 


If additional adjustment is applied, it can be arranged by current 
supply at Pin 5, such that: 
supplying current 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) at V;_ 1, = 12V; Ta = 25°C; measured in Block Diagram. 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | tye | Max 


Oscillator (Pins 16 and 17) 


Vie-1e | Troshold volege wins SSSCSC~—~—C—*—é~sSC“‘is/( AA~C*dTSS~SC*d; CY 
[Ve-16 | Tres votage hgh ver ——SSSCS~=~“~*~*~*~‘“‘~‘“—*~é~sSC“‘(! |™~*dT Cd 
Tete | Oraraing curent SS SSSCSCS~CSTSSCSC~d~Cia Sid 
hto | Frequency; free running (Cosc = 4.7nF; Rosc = 12kQ) | t5e28 | kHz 
[Austen range of network im ereut lock Degrr) ——| 


Afo/fo ; 
ZV/Vnom Influence of supply voltage on frequency; reference at Vs = 12V 


Change of frequency when Vs drops to 5V; reference at 
Vg = 12V ie 


TC Temperature coefficient of oscillator frequency 


Phase comparison yy; (Pin 15) 


Vi5-18 Control voltage range | ar | oe 


> 


Output leakage current 
at Vis_18 = 4.3 to 7.7V 


Output resistance 
at Vis_19 = 4.3 to 7.7V4 
at Vis_18 <4.1Vor> 7.9V° 


high ohmic 
low ohmic 


Catching and holding range (82kQ. between Pins 15 and 17) 


A(Af) Spread of catching and holding range 


Control sensitivity - 


i 
fo2) 
fee] 
°o 
= i 
N 


Phase comparison (2 and phase shifter (Pin 5) 


+ lsu Control current (peak value) a a 
Output resistance at V5_ig = 5.4 to 7.6V4 high ohmic 


Input leakage current at V5_ig = 5.4 to 7.6V 


Permissible delay between leading edge of output pulse and 15.5 
leading edge of flyback pulse (t-p = 12us) ; 
At/Atp Static control error nr a 


Coincidence detector 3 (Pin 13) 


Vi3-48 Output voltage Ld 


Output current (peak value) 
without coincidence 
with coincidence 


= 


© 
o 


a = 
|. 


NOTES: 

. Permissible range 1 to 7V. 

. tp = switch-off delay of line output stage. 
. Line flyback pulse duration trp = 12yus. 

. Current source. 

. Emitter-follower. 

. Excluding external component tolerances. 


Ooaran — 
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DESCRIPTION 


The TDA2595 is a monolithic integrated 
circuit intended for use in color television 
receivers. 


FEATURES 


e Positive video input; capacitively 
coupled (source impedance 
< 20022) 


e Adaptive sync separator; slicing 
level at 50% of sync amplitude 

e@ Internal vertical pulse separator 
with double slope integrator 


e Output stage for vertical sync 
pulse or composite sync 
depending on the load; both are 
switched off at muting 

® ~; phase control between 
horizontal sync and oscillator 

e Coincidence detector 3 for 
automatic time constant 
switching; overruled by the VCR 
switch 

e Time constant switch between 
two external time constants for 
loop gain; both controlled by the 
coincidence detector 3 


® Y; gating pulse controlled by 
coincidence detector 3 


e Mute circuit depending on TV 
transmitter identification 


ORDERING INFORMATION 


TDA2595 
Horizontal Combination 


Product Specification 


® (~2 phase control between line PIN CONFIGURATION 


flyback and oscillator; the slicing 
levels for y2 control and 
horizontal blanking can be set 
separately 


Burst keying and horizontal 
blanking pulse generation, in 
combination with clamping of the 
vertical blanking pulse (three- 
level sandcastle) 


Horizontal drive output with gancactan ai vee eae 
constant duty cycle inhibited by VERT SYNC [5° Fig] COMP SYNC 
the protection circuit or the 

supply voltage sensor 

Detector for too low supply 
voltage 

Protection circuit for switching 
off the horizontal drive output 
continuously if the input voltage 
is below 4V or higher than 8V 
Line flyback control causing the 
horizontal blanking level at the 
sandcastle output continuously in 
case of a missing flyback pulse 
e Spot suppressor controlled by 
the line flyback control 


APPLICATIONS 
e Television receivers 
e Video receivers 


718] VOLT FOL OUT 
PHASE COM 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 


18-Pin Plastic DIP (SOT-102CS) -20°C to +70°C TDA2595N 
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9-51 853-0973 86554 


9861 ‘vl JequIeAOCN 


OUTPUT STAGE 
FOR VERTICAL 
SYNC OR 
COMPOSITE 
SYNC 


THRESHOLD 
LOAD 
SENSOR 
SWITCH 
(PIN 9) 


cS-6 


VERT. SYNC 
SEPARTOR 


& 
VERT. SYNC 
PULSE 
INTEGRATION 


GENERATION 
OF COMPOSITE 
SYNC SLICING 

LEVEL 
(50% OF SYNC) 


PROTECTION 
CIRCUIT 
POS. LEVEL: 8V 
NEG. LEVEL: 4V 


VERTICAL SYNC 
& 


COMPOSITE 
SYNC SWITCH 


HORIZONTAL 
SYNC 
SEPARATOR 


BLACK LEVEL 
DETERMINATION 
& 

VIDEO 
AMPLIFIER 


IV 


COMPOSITE VIDEO 


KEYING 
PULSE 
GENERATION 
(7.5us) 


Tv 
TRANSMITTER 
IDENTIFICATION 


T° 


F 


ADJUSTMENT I ii : 


SANDCASTLE _ 


OUTPUT STAGE 
FOR BURST SUPPLY 
GATING & VOLTAGE 
HOR./VERT. SENSOR 
BLANKING 


HORIZONTAL 
OUTPUT 
PULSE 


SUPPRESSION 


MODE 
SWITCH 


COINCIDENCE 
DETECTOR 


¥3 


HORIZONTAL 
OSCILLATOR 


6 VCR SWITCH 
100uF | (GROUND OR Vcc) 2 12k 


= V+ 


LINE FLYBACK 
PULSE 


HORIZONTAL 
OUTPUT LOW = ACTIVE 
‘wer 
4 MODULATED 


OUTPUT STAGE OUTPUT STAGE 
FOR LINE FLYBACK FOR SPOT 


HORIZONTAL DETECTOR CONTROL SUPPRESSION 


(Oren ¥2 GENERTION (OPEN. 
COLLECTOR) COLLECTOR) 


HOR. PULSE 
GENERATOR 


& 
PHASE SHFIT 
¥2 


COINCIDENCE 
PULSE 
GENERATOR 


OSCILLATOR COMPENSATION 


FREQUENCY 
fosc 
ADJUSTMENT 


VOLTAGE 
VOLTAGE FOLLOWER 
(AS A FUNCTION 


CONTROL 
DETECTOR CURRENT 
SWITCH LIMITER 


LD06140S 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL DESCRIPTION RATING 


Voltages at: 
Pins 1, 4 and 7 

Pins 8, 13 and 18 
Pin 11 (range) 


-0.5 to +6 


Currents at: 
Pin 1 
Pin 2 (peak value) 
Pin 4 
Pin 6 (peak value) 
Pin 7 
Pin 8 (range) 
Pin 9 a 
Pin 1 


Storage temperature range -65 to +150 — 
Operating ambient temperature range -20 to +70 


DC AND AC ELECTRICAL CHARACTERISTICS Voc = 12V; Ta = 25°C, unless otherwise me Cee 


PMS 
_ nein pwn [ye [wx | 


Composite video input and sync separator (Pin 11) (internal black level determination) 


Vv Input signal (positive video; 
a a standard a peak-to-peak value) 


Vase) —— -P) | Sync pulse amplitude (independent of video content) = pulse a (independent of video content) 


Input current during 
Video 5 HA 
Sync pulse 40 LA 
Black level 30 pA 


Composite sync generation (Pin 10) horizontal slicing level at 50% of the sync pulse amplitude 


-5 to +1 
-10 bs +3 


Capacitor current during 
Video 12 LA 
Sync pulse 170 pA 
Vertical sync pulse generation (Pin 9) slicing level at 25% (50% between black level and horizontal slicing level) 
Delay with respect to the vertical 
sync pulse (leading edge) 


Pulse-mode control 
Output current for vertical sync pulse (dual integrated) No current applied at Pin 9 


Output current for horizontal and vertical sync pulse Current applied via a resistor of 
(non-integrated separated signal) 15kQ. from Vcc to Pin 9 
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Horizontal Combination TDA2595 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
_ — jmin [we [mx | 


Horizontal oscillator (Pins 14 and 16) 


tos | Frequency feorumning —SCSC~“~*~*~*~*~‘~‘~‘~*~*~*idCS*~‘“C~*idiCSSSYSSC*‘dCia 
"Veg | Reterenoe votase orto ——SS=C=“‘*‘“‘*S*é*dSC‘“‘“(;! §”#C*SOS~C*‘dS CS 
TAaloso/aia | Freaueney contol eratiy ————SSS*~S~SS*idC Yl 
Tafosc | Atsient range of rout gues ——SSC~*~=“‘*‘“*sSC*“‘“(g; CCC 
Tatose | Smead of reauency —SSSCSC*=“*‘“*~*“‘“‘~stSC“‘(g;!TSC#*dSCSSC 


Frequency dependency (excluding tolerance of external 
components) 
with supply voltage (Voc = 12V) 


Afosc/fosc 
AV15-5/V15-5 
Afosc with supply voltage drop of 5V 
TC with temperature 
Capacitor current during: 

Charging 
Discharging 


Sawtooth voltage timing (Pin 14) 
Rise time Us 
Fall time us 


+ 
D 


- 
n 


Horizontal output pulse (Pin 4) 


[ Output votage Low at a=s0mA—SSC«dSCSC‘“‘(CL‘=Cw’CSCV Cd 
[ries dein we ams [oe 
Phase comparison ¢; (Pin 17) 

[Cone votage ree 
: Conte! curent for external ime constant owich «|| 


< 
b 
| 


- 
| 


+ < 
— —s 
_ Ps 
N 

oi 


Control current at Vig-5 = Vi5-5 
and Vi3_-5< 2V or Vi3-5 > 9.5V 


Control current at Vig_5 =Vis5-_5 and Vi3_5=2 to 9.5V 


Horizontal oscillator control 
Control sensitivity 
Catching and holding range 

Spread of ——- and holding range 


I+ 
x 


” I+ 
6 = 
~“N 


Time constant switch 
Slow time constant 
Fast time constant 


Output resistance 
Slow time constant 


high 
impedance 


Fast time constant 


Leakage current 
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Horizontal Combination TDA2595 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pomin | tye | Max 


Coincidence detector 3 (Pin 13) 


Output voltage 
without coincidence with composite video signal 

without coincidence without composite video signal (noise) 
With coincidence with composite video signal 


Output current 
without coincidence with composite video signal 
with coincidence with composite video signal 


Switching current 
at Vi3-5 = Voc-0.5V 
at Vi3_5 = 0.5V (average value) 


Phase relation between middle of the horizontal sync 
pulse and the middle of the line flyback pulse 
at trp = 12us* 


If additional adjustment is required, it can be arranged 
by applying a current at Pin 3, such that for 
applied current: 


Input for line flyback pulse (Pin 2) 


Switching level for yo comparison 
Switching level for horizontal blanking and flyback control 


Input voltage limiting 


Switching current 
at horizontal flyback 
at horizontal scan 


Phase detector output (Pin 3) 


Ts | Contot curent forge ——SSSCSC~C~“—~“s*“*‘“*~*~*~*~é“rSS~iSC i 
Tate | Contorrange SSCS i 
—avais | State convo wor ——SSSCSC~=—“~*“*‘“—*~*“‘“‘“‘~*~;*é*sSSC‘“dTSC‘“‘“;S Ow 
[ed eakage carer SSCS—S~—S 


Burst gating pulse (Pin 6)° 


sa 


[puss auaion ———SOSCSC~C“‘“*‘“‘“*~*~*é‘~*rCSC*dC 


Phase relation between middle of sync pulse at the input 
2.15 3.15 us 


and the leading edge of the burst gating 


pulse at Vge_5=/7V 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
jmin | tye | Max 


Horizontal blanking pulse (Pin 6)° 


| Horizontal blanking pulse (Pin > 
Wes | Out vatage 
a 
a 
Clamping circuit for vertical blanking pulse (Pin 6)° 
Vers | Out vate at p=20ma dna 
“ese | Minima ouput cunt at Vang 216V a0 
Tere Masi ouput cuenta Vong <av a me 


TV transmitter identification (Pin 12) 


Output voltage 


Vi2-5 no TV transmitter 
Vi2-5 TV transmitter identified 


Mute output (Pin 7) 


Output voltage at 17 = 3mA; no TV transmitter aa 
Output resistance at l7 = 3mA; no TV transmitter Ll 
3 


Output leakage current at Vio_5 > 3V; 
TV transmitter identified 


Protection circuit (beam current/EHT voltage protection) (Pin 8) 


No-load voltage for lg =0 (operative condition) 


Threshold at positive-going voltage 


ee a a 
pf etoe | 
Threshold at negative-going voltage ac eae 
Current limiting for Vg_5=1 to 8.5V Ff wo yA 
| Res ae ee ae 
rr 


Input resistance for Vg_s5 > 8.5V 
Response delay of threshold switch 


Control output of line flyback pulse control (Pin 1) 


Saturation voltage at standard operation; |; = 3mA a 
| he Output leakage current in case of break in transmission a he aa 


NOTES: 

1. Phase comparison between horizontal oscillator and the line flyback pulse. Generation of a phase-modulated (y2) horizontal output pulse with constant 
duration. 

2. tep is the line flyback pulse duration. 

3. Three-level sandcastle pulse. 


November 14, 1986 9-56 


signefics 


Linear Products 


FEATURES 

e@ Positive video input, capacitive 
coupled (source impedance 
< 20022) 


e Adaptive sync slicer at 50% of 
sync pulse amplitude 


e internal vertical pulse separator 
with double-slope integrator 


e Outputstage for vertical sync 
pulse or composite sync 
depending on the load. Both are 
switched off by mute 


e ¢; phase control between H-sync 
and oscillator 


e Coincidence detector $3 for 
automatic time-constant 
switching, overruled by the VCR- 
switch 


H/COMP. SYNC 


OSCILLATOR vs SYNC 
loss of sync 


FLYBACK vs OSCILLATOR 
storage time variations: video shift 


COINCIDENCE DETECTOR 
fast/slow ¢; loop switch 


February 1987 


AN158 


Features of the TDA2595 
synchronization Processor 


Application Note 


e Time-constant switch between 
two external time-constants or 
loop-gain switch both controlled 
by coincidence detector $3 

e ¢; gating pulse controlled by 
coincidence detector ¢3 

e Mute circuit depending on TV 
transmitter identification 

© ¢2 phase control between line 
flyback and oscillator. The slicing 
levels for ¢2 control and line 
blanking can be set separately 

e Burst keying and line blanking 
pulse generation, combined with 
clamping of field blanking pulse 
(triple-level sandcastle) 


TDA 2595 


LOOP 
FILTER 


FAST/SLOW 


Figure 1 
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e H-drive output with constant duty 
cycle inhibited by the protection 
circuit or the supply voltage 
detector 


e Detector for too low supply 
voltage 


e Protection circuit switching off H- 
drive output continuously if input 
voltage is below 4V or higher 
than 8V 


e Line flyback control causing line- 
blanking level at sandcastle 
output continuously in case of 
missing flyback pulse 

e Spot-suppressor controlled by 
the line flyback control 


HORIZONTAL 
DRIVE 


f 


BD01370S 
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Features of the TDA2595 Synchronization Processor AN158 


' 
$1 DETECTOR CURRENT 


H 
! 
| 
| 1 TIMING REFERENCE 
ee ks ‘ 
i 
! 
i] 
' 
! 
1 
] 


| 


VIDEO 
4 —_—+.__—_ 4 IDENTIFICATION PULSE 


1 
BURST KEY PULSE je— 2 ——— 4 —— 


2 TIMING REFERENCE 


RETRACE 


WF05130S 


Figure 2. Timing Diagram 
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Features of the TDA2595 Synchronization Processor 


SYNC SEPARATOR 

Adaptive sync separator to slice H-sync at 
50% and V-sync at 25% independent on 
sync-amplitude. This is to insure immunity 
against deteriorated sync impulses. The black 
level is stored on a capacitor which is fed to 
the positive video-signal (source impedance 
20082) into Pin 11. The slicing level is de- 
tected internally and stored in a capacitor at 
Pin 12. 


The internal vertical integrator has a delay of 
45us and is of the double-slope type to avoid 
jitter and to improve noise immunity. 


VERTICAL/COMPOSITE SYNC 

The output stage at Pin 9 delivers a positive 
vertical pulse or a positive composite sync 
signal if the current drain is higher than 3mA. 


If no TV transmitter is detected, the output is 
switched to ground. The source impedance is 
low-ohmic. 


15kHz VCO 

The VCO is a current controlled ramp oscilla- 
tor with 49us rise time and 15uys fall time. The 
timing capacitor is connected to Pin 16; the 
control current has to be fed into Pin 14. 


While adjusting fo, Pin 12 should be connect- 
ed to ground. 


The oscillator generates the following signals 
(see timing diagram Figure 2): 

- timing reference for 9 

- gating pulse for ¢; 


- reference pulse for video identification 
circuit and coincidence detector ¢3 


- burst keying pulse 
- time reference for do 


o;, PHASE CONTROL 

The phase control ¢; compares the ¢, timing 
reference of the VCO with the center of the 
H-sync signal and converts the time differ- 
ence into a proportional current at Pin 17. 


The external low-pass filter at Pin 17 deter- 
mines the time constant and the catching and 
tracking range of the VCO. 


lf Pin 18 is connected to the V+, the loop 
gain is increased 4 times as long as the 
oscillator is not locked in or Pin 13 is connect- 
ed to ground or V+ (VCR switch). 


If Pin 18 is connected as shown in the circuit 
diagram, Pin 18 has the same voltage as Pin 
17 as long as the oscillator is not locked in or 
Pin 13 is connected to ground. Due to this the 
"long" time constant connected from Pin 18 
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to ground, ground is electrically disconnected 
from Pin 17. 


If the oscillator is locked in and Pin 13 not 
connected to ground, Pin 18 switches to high 
impedance and thus the loop filter to the 
"long" time-constant. 


By switching loop gain or loop time-constant, 
the lock in condition of the oscillator is not 
disturbed. This enables a fast search tuning 
using the TV transmitter identification (mute) 
as a search stop. 


To increase noise immunity the phase detec- 
tor is inhibited during horizontal retrace and 
vertical retrace if the oscillator is locked in 
and Pin 13 not connected to ground or V+. 


COINCIDENCE DETECTOR ¢3 
The coincidence circuit detects whether there 
is coincidence between the H-sync pulse and 
a 8us impulse generated by the VCO. The 
capacitor at Pin 13 is discharged continuously 
by 8us current pulses of 50yA. If there is 
coincidence, the capacitor is additionally 
charged by H-sync pulses of 350A. 


If the voltage at Pin 13 exceeds 3V, the loop 
gain is reduced and the loop time constant is 
switched to the "long" value. 


If the voltage exceeds 4.5V, the phase detec- 
tor ¢; is gated to improve noise immunity. 


MUTE CIRCUIT 

The mute circuit detects whether there is 
coincidence between the H-sync impulse and 
a 8us impulse generated by the VCO. The 
capacitor at Pin 12 is discharged during sync- 
pulses of 50uA and by 8us current pulses of 
50yA. If there is coincidence, the capacitor is 
additionally charged by H-sync pulses of 
450yA. 


If the voltage at Pin 12 exceeds 4V, mute is 
released and the mute output at Pin 7 is 
switched to high impedance. Although the 
coincidence detector ¢3 and the mute circuit 
act similarly, separate circuits have been 
chosen. This is to gain in design flexibility as 
far as the time constants are related and to 
keep the mute function alive independently 
on the VCR switch. 


¢2 PHASE CONTROL 
The phase control ¢2 compares the center of 
the positive flyback pulse at Pin 2 at a 
threshold of 3V with the ¢o timing reference. 
The time difference is converted into a pro- 
portional current at Pin 3. Loop gain and time- 
constant are influenced by the external com- 
ponents at Pin 3. The voltage at Pin 3 in turn 
controls the phase shift. 


9-59 


AN158 


To achieve a small phase adjustment a small 
current may be injected into Pin 3. 


The aim of having two different thresholds at 
the flyback input is to determine the perfor- 
mance of the ¢2 loop, e.g., a straight vertical 
center line, by the amplitude of the applied 
flyback pulse without affecting the blanking 
time. 


SUPER SANDCASTLE 
For burst keying and vertical and horizontal 
blanking there is a 3 level pulse at Pin 6. 


The burst keying part is driven from the VCO 
and is 4us wide. Due to its small tolerances in 
widths and phase it keys the burst very 
exactly and is suitable as black level clamping 
pulse. 


The blanking part is derived from the line 
flyback pulse at Pin 2 at a threshold of 0.2V. If 
no flyback is applied to Pin 2, there will be 
continuous blanking level superimposed by 
the burst keying pulse. 


The frame blanking part has to be fed in 
externally as a 2mA current. 


HORIZONTAL DRIVE 

The H-drive output is an open-collector out- 
put at Pin 4. The output pulse has a constant 
aspect ratio of 45.3% off and 54.7% on 
dependent upon the line frequency. An inter- 
nal guard logic insures that there will be high 
level during flyback. The output is inhibited by 
the protection circuit also if the supply voltage 
is below 4V. In both cases the line flyback 
vanishes and by this the spot suppressor is 
activated. 


SPOT SUPPRESSOR 

The spot suppressor is an open collector 
output at Pin 1. If no flyback impulses are 
detected at Pin 2, the output switches to high 
impedance and remains there as long as the 
flyback pulses are missing even if the supply 
voltage vanishes during that time. 


PROTECTION CIRCUIT 

The protection circuit is activated if the volt- 
age at Pin 8 exceeds 8V or decreases below 
4V. One of both thresholds may be used (as 
indicated in Figures 4a and b) to have X-ray 
protection or overcurrent protection. 


If activated, the H-drive is inhibited by this and 
the line flyback vanishes and in turn the spot 
suppressor is activated. 


The protection circuit is reset if the supply 
voltage decreases below 4V, e.g., the set is 
switched a 
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LINE FLYBACK PULSE 


R, > 39% VERT. SYNC. 
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Features of the TDA2595 Synchronization Processor 


INPUT X-RAY PROTECTION 


TC01351S 


a. Input X-ray Protection 


7TC01361S 
b. Input Over Current Protection 


Figure 4 


February 1987 9-61 


Application Note 


AN158 


signeftics 


Linear Products 


DESCRIPTION 


The TDA8432 is an |*C bus-controlled 
deflection processor (analog picture ge- 
ometry processor) which contains the 
control and drive functions of the deflec- 
tion circuits in a computer-controlled TV 
(CCTV) or monitor. This IC replaces all 
picture geometry settings which are per- 
formed manually during manufacturing. 
The alignment of 10 picture geometry 
parameters for the vertical and horizon- 
tal deflection is accomplished by means 
of a microcontroller via the IC bus. 
Furthermore, it eliminates the external 
components needed for adjusting the 
horizontal frequency and phase position, 
vertical linearity, picture height, east- 
west parabola, and picture width. The 
east-west shaping circuit is also eliminat- 
ed. Provisions have been incorporated 
to make several sync processor 
(TDA2579 and TDA2595) functions |?C 
bus-controllable. 
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TDA8432 


Computer-Controlled Deflection 
Processor for Video Displays 


Objective Specification 


FEATURES 
e IC bus interface for all functions 


e Input for vertical sync from sync 
processor 


e Vertical sawtooth generator with 
frequency-independent amplitude 


e Vertical output stage with 
feedback input for driving a 
vertical deflection amplifier 


e East-west raster correction drive 
output 


EHT modulation input, providing 
optimum picture geometry 
compensation for static and 
dynamic EHT load variations 


127C bus-controlled alignment of 
10 deflection parameters 


e Provisions for controlling a sync 
processing IC which does not 
have an I*C bus interface, 
including: 

- Two digital-to-analog converters 
for alignment of the free- 
running horizontal frequency 
and horizontal phase position 


- An I/O pin enabling computer 
alignment of the free-running 
horizontal frequency 


- A special purpose 4-level 
output for time constant 
switching of the horizontal 
phase-locked loop 

- A special purpose 3-level input 
for detection of the mute 
function and the 50Hz/60Hz 
state of the sync processor 

e A switchable output (e.g., for 
controlling a video source 
selector) 


APPLICATIONS 


e Video monitors 
e Color TV receivers 
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PIN CONFIGURATION 


(24) EHT COMP 
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Computer-Controlled Deflection Processor for Video Displays T1TDA8432 
BLOCK DIAGRAM 
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Computer-Controlled Deflection Processor for Video Displays TDA8432 


ABSOLUTE MAXIMUM RATINGS 


| swiering votage Pn) —SSCSC~“‘~“~*‘“‘“~*S*rSC“‘“CSOCCCdSC 


RECOMMENDED OPERATING CONDITIONS In application circuit Figure 1 at Ta = 25°C and Voc = 12V, unless otherwise 


specified. 
LIMITS 


SYMBOL PARAMETER 


Supply voltage (Pins 17-20, 10) | 10 | 
| | Switching voltage VHF (Pin 5) | 8 4 


UN 
m 


IT 
V 

A 
V 


Switching voltage hyperband 
Switching voltage UHF (Pin 5) po 4 fT tT 


DC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER 


VHF mixer including IF, measurement in circuit of Figure 1 


. . . 


Frequency range: printed circuit board 


w 
ro) 
ro) 
= 
al. 
N 


Noise Figure 1 (Pin 23) 50MHz 1.5 9 dB 
225MHz 9 10 dB 
300MHz 10 dB 

0.5 mmho 
g mmho 
1.2 mmho 


0.23 
225MHz 


a Input conductance (Pin 23) 50MHz 


300MHz 0.67 


Input voltage for 1% xX mod in channel (Pin 23) 100 
108 
24.5 


Input capacitance (Pin 23) 50MHz—- 300MHz 
i 97 
Input voltage for 10kHz pulling (in channel) (Pin 23) 100 


Optimum source admittance (Pin 23) 50MHz 
225MHz 
300MHz 


ro) 
on 
=2- 3 
333 
= 
60606 


ae) 
~“J 


Voltage gain = 20log (V4 ~42/Vo23) (Pins 11-12, 23) 


Conversion transadmittance mixer = SC = 115/V23 = -116/V23 
(Pins 15, 16-23) 


fr 
Cin 
VIN 
VIN 
Ay 
ae Output admittance mixer (Pins 15-16) 


Output capacitance mixer (Pins 15-16) 


ol] w 
4a! © 
3 
3 
=% 
ro) 
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Computer-Controlled Deflection Processor for Video Displays TDA8432 


DC ELECTRICAL CHARACTERISTICS (Continued) 


Ts 
a a pwn [ve [mx | 


VHF oscillator 


VHF oscitator 
a 
0 
Drift T = 15°; 70 to 330MHz a ee 
[Tost tom 5 sens 16 ini aa oeing ow ae 


Hyperband mixer including IF (measured in circuit of Figure 12) (measurements with <_—shaee 


fh Frequency range 


Noise figure (Pins 21, 22) 300MHz se 
470MHz dB 


Input reflection coefficient (Pins 21, 22) 300MHz Is11P 
phase 


470MHz |S111 
phase deg 


Input available power Pav for 1% X-mod 300MHz -19 dBm 
in-channel (Pins 21, 22) 470MHz -19 dBm 
10kHz pulling (in-channel) (Pins 21, 22) 470MHz -11 dBm 
N + 5-1MHz pulling? (Pins 21, 22) 470MHz -29 dBm 
Gain = * 300MHz 34 37 40 dB 
470MHz 34 37 40 dB 


Hyperband oscillator 


[Frequency ange iy —SSSCS*~“~*~*~*~*~rCiYSSCSC*‘“d;SC*«a 
swt averse SSS i 0e| 
Pom areas SSSOSCSCSCS* i 0 


ee ee 
Input reflection coefficient (Pins 4-5) |S11| TBD dB 
at f = 330MHz phase TBD deg 


UHF mixer including IF (Pins 18 and 19) (measured in circuit of Figure 12) (measurements with hybrid) 


Noise figure 470MHz 

860MHz rs - 

-4 
+157 deg 

860MHz -4.2 
phase +138 deg 
Input available power Pay for 470MHz -19 dBm 
1% X-mod in-channel 860MHz -19 dBm 
10kHz pulling (in-channel) 860MHz -10 dBm 
N + 5-1MHz pulling? 820MHz -42 -35 dBm 
Gain = * 470MHz 34 37 40 dB 
860MHz 34 37 40 dB 


Input reflection coefficient | 470MHz |S11! 


phase 
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Computer-Controlled Deflection Processor for Video Displays TDA8432 


DC ELECTRICAL CHARACTERISTICS (Continued) 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | tye | Max 


UHF oscillator 


ia __| Fequeneyrarge ows) ——SCSC*~=~“‘*‘*‘“‘*~*é*wdC‘OSCdSCSC“‘(_ OOOO 
a 2 
Sn Po 
[trom 5 seconds to 15 minut ater awiching on ——<f ——«dtSC*dtCao | 


IF amplifier 


LO output (Pin 2) 


Output voltage into 752 f <330MHz 


Output reflection coefficient (VHF position) S22 
(Hyperband and UHF) at 500MHz 


Spurious signal on LO output wrt LO output signal, measured in 
75Q with RF signal level at Pin 24 1V <225MHz 
0.3V 225MHz - 300MHz 


Harmonics of LO signal wrt LO signal, measured in 752 


NOTES: 

. The Pins 2, 5, 11, 12, 13, 14 withstand the ESD test. 

. Measured with an input circuit for optimum noise figure. 

. The values have been corrected for hybrid and cable losses. The symmetrical output impendance of the hybrid is 10022. 

. The input level of an N +5-1MHz signal which is just visible (Amtsblatt 69). 

. The gain is defined as the transducer gain measured in Figure 1 + the voltage transformation ratio of L6-L7. The ratio is 6:1 (16dB). 
. All S parameters are referred to a 5092 system. 


Oar oan — 


NOTES: 

Component values: F = 50MHz F = 225MHz F = 300MHz 
Li=L2= 

Ci= 

C2= 

C3 = 

Ru = 


Electrical parameters of the circuit are (for appropriate impedance and selectivity) 
Insertion loss 

VSWR without IC 

VSWR with IC 

Impedance of tuned circuit without 

IC at VSWR = 1 

Image suppression 

Output impedance (source for IC) 


Figure 1 
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section 10 
Color Decoding and Encoding 


AN155A 
TDA3505 
TDA3563 

AN156 
TDA3564 
TDA3566 
TDA3567 
TDA4555/56 

AN1551 
TDA4565 
TDA4570 
TDA4580 


TDA8442 
TDA8443/ 
8443A 
TEA2000 
AN1561 
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The decoder concept presented here com- 
prises a multi-standard color decoder and a 
video combination. The concept can also be 
extended by means of a picture improvement 
Circuit. 


A brief overview will first be given to clarify 
this arrangement. Figure 1 shows the block 
diagram of a complete color decoder from the 
CVBS interface up to the picture tube. There 
are switchable filters for separation of the 
luminance and chrominance signals from one 
another. Only one IC is necessary for the 
demodulation of four color standards. 


The output signals are the standard-indepen- 
dent color difference signals (B-Y) and (R-Y), 
i.e., U and V. The baseband signals (i.e., color 
difference signals and luminance signal Y) 
can either be directly supplied to the video 
combination or they can be supplied via a 
signal processor IC as shown here. 


The video combination comprises all func- 
tions for advanced video signal processing. 
The RGB output signals of the IC can be fed 
to the video final stages directly. 


The interface selected in this decoder con- 
cept, with the baseband signals as input 
signals of the video combination, also permits 
new circuit concepts to be introduced; e.g., 
the delay line which is required for PAL and 
SECAM can be realized with CCD lines. 
Picture improvement circuits with picture 
memories can also be added. 


SWITCHING VOLTAGES 
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The Color Transient Improvement (CTI) IC 
which is incorporated in Figure 1 was also 
developed for this interface. Two functions 
are integrated in this circuit: a transient im- 
provement for a better picture, and a Y delay 
line in gyrator technique to replace the previ- 
ously-required wound line. 


In the past, multi-standard color decoders 
(MSD) have been built up with a number of 
integrated circuits. Parallel working concepts 
are known, and also transcoder concepts 
specially for PAL and SECAM. The decoders 
of the various standards require circuit blocks 
of the same type; this applies in particular to 
the quadrature amplitude modulation stan- 
dards (QAM standards) PAL and NTSC, but 
also to a large extent to the FM standard 
SECAM. Therefore, an obvious approach for 
the integration of a multi-standard decoder on 
one chip is to make use of as many circuit 
blocks as possible in common for the differ- 
ent standards in order to minimize the compo- 
nents and, also, the crystal area required. 
Under the condition of automatic standard 
identification, as is already the state of the art 
for present MSD concepts, multiple utilization 
of the circuit blocks can only be realized if 
automatic standard identification is effected 
by sequential standard scanning. A system of 
this kind gives the great advantage that the 
entire decoder, including the filters, can be 
designed in the optimum way for the individu- 
al standards. 


The single-chip multi-standard decoder 
TDA4555/TDA4556 is examined fully in 
AN1551. Please refer to AN1551 for applica- 
tion information. 


The Video Combination 
IC — TDA3505 


The video combination IC incorporates all 
setting functions for color picture reproduc- 
tion. A black current stabilizing circuit is 
provided. This saves three tuning operations 
and also automatically regulates operating- 
point changes due to warming up after 
switch-on and to aging. 


RGB signal inputs are provided for signal 
supply from RGB sources via the audio/video 
plug, @.g., from cameras or from internal 
teletext decoders. 


Figure 2 shows the block diagram of the input 
part of this IC. The two color difference 
signals —(R-Y) and -(B-Y) are fed in via 
capacitors and clamped in the input stages to 
reference values. After the saturation control 
stages, the —(G-Y) signal is generated with 
the (G-Y) matrix. These color difference sig- 
nals, together with the Y-signal which is also 
clamped in the input stage, are converted to 
the R, G, and B signals in the R, G, and B 
matrix. 
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Figure 1. Block Diagram of the Multi-Standard Color Decoder 
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Figure 2. Front Part of the Video Combination TDA3505 


Switching stages, together with a switching 
matrix and a driver stage for the switching, 
permit the choice between the picture signals 
from the color difference and Y inputs, or 
from the R, G, B inputs. When the R, G, B 
signals from the R, G, B inputs are selected, 
they are added to the black levels, which are 
simultaneously inserted. The switching times 
between blanking, insertion, and changeover 
are about 50ns and are so small that there 
are no visible errors in the picture. If the RGB 
inputs are constantly connected, synchroni- 
zation with the other signals is not necessary. 
The signals also pass through the contrast- 
and brightness-control stages. A peak beam 
current limitation can be effected via an input 
to a threshold level switching circuit. The 
threshold level circuit then reduces the con- 
trast-control voltage. Average beam current 
limitation is effected directly via the contrast- 
control voltage, whereby under certain cir- 
cumstances the brightness control is also 
reduced via an internal diode. 


All the pulses required in the IC, and especial- 
ly for the black current stabilization which will 
be explained later, are derived from the 
sandcastle pulse. 


Signal processing is effected in parallel in 
three R, G, B channels and, therefore, the 
description and explanation will continue to 
be limited to the R channel. 


Figure 3 shows the functional block diagram 
of the black current stabilizer. The R signal is 
blanked out and a measuring pulse is inserted 
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for the black current measurement. A subse- 
quent limiter stage prevents overdriving of the 
video final stages. A control stage is provided 
for white-point adjustment, which can be 
effected by means of a DC setting voltage. 
There is an adding stage in which the voltage 
from the black current stabilization circuit is 
added to the R signal. The output stage of the 
IC can feed the video final stage directly. Its 
output voltage is supplied via a PNP measur- 
ing transistor to the cathode of the CRT. The 
collector circuit includes a measuring resistor 
at which voltage drops occur at the respec- 
tive sequential measuring times; these are 
due on the one hand to any leakage currents 
which occur and on the other hand to dark 
current with leakage currents. These voltages 
are given to the IC. Following a buffer stage, 
the measurement voltage for the leakage 
currents is stored on the capacitor C,. Switch 
S, is only closed at the time when the signal 
is blanked and no signal current can flow. 
During the black level measurement time, a 
reference voltage of 0.5V is subtracted from 
the voltage to be measured and then com- 
pared in a comparator circuit with the stored 
voltage for the leakage currents. Switch Sg is 
only closed during the black measurement 
time and closes the control loop. Capacitor 
Cy stores the control voltage. 


A dark current of 10uA is not too small for 
reliable evaluation and not too big, so that if it 
is in the right time position no disturbing 
effects are visible on the screen. 
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Insertion of the measurement pulses and 
their evaluation is sequential; this means that 
from the measuring resistor through the mea- 
surement input and leakage current storage 
up to and including the comparator circuit, 
these circuits only have to be realized once 
and are used for all three channels. 


Figure 4 shows the time positions of the 
various measurement pulse insertions and 
evaluations. The measurement pulses are 
after the vertical flyback pulse and are thus 
above the upper picture edge in the overscan. 


The R, G, B signals are blanked up to the 
inserted measurement pulses. The leakage 
current of all channels is measured in the line 
before the first measurement pulse. This is 
followed by the measurement pulses and 
their evaluation in the sequence red, green, 
blue. 


A comprehensive application diagram with 
the video combination TDA3505 and the 
video final stages is shown in Figure 5. 


For two sets of external RGB inputs and 
larger video input bandwidth, the TDA4580 
can be used in place of the TDA3505 (see 
Figure 6). 


The Color Transient 
Improvement IC — TDA4565 

A complete multi-standard decoder can be 
built with the two ICs described above. A third 
IC, which can be interconnected in the color 
difference interface, can be used for color 
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Figure 3. Functional Block Diagram for the Dark Current Stabilization With the Video Combination TDA3505 (R-channel) 


624628 1 2 3 4 5 6 7 8B 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 viDEOSIGNAL 
WITH VERTICAL 


AA, AAA 


aie 


BLANKING PERIOD 


AAAAAAAAAAAAAAAAAAAAAAAAAAAA 


MEASURING PULSES FOR 
LEAKAGE 


RED 
GREEN 
BLUE 


CURRENT 


VERTICAL BLANKING PULSE 
(FROM VERTICAL IC) 


VERTICAL FLYBACK PERIOD 


WFO05080S 


Figure 4. Position of the Measuring Lines of the Video Combination TDA3505 


The Color Transient 
Improvement IC — TDA4565 


A complete multi-standard decoder can be 
built with the two ICs described above. A third 
IC, which can be interconnected in the color 
difference interface, can be used for color 
picture improvements by means of transient 
improvement of the color difference signals. 


In Figure 7, the signal characteristics a) and 
b) show a transient in the Y and color 
difference signal. The rise time of the color 
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difference signal is longer, corresponding to 
the smaller bandwidth. A delay line in the Y 
channel coordinates the centers of the tran- 
sients as shown in Figure 7c. 


In deviation from the previous signal process- 
ing, with the Color Transient Improvement IC, 
the color difference transient does not occur 
until the input signal transient is finished, but 
then occurs with a steepness corresponding 
to that of the Y signal. The characteristic of 
this color difference signal is shown in Figure 
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7d. It is now clear that- as shown in Figure 
7e -—a correspondingly longer delay is neces- 
sary for the Y signal in order to achieve 
coincidence of the transients. 


Color signal transmissions, especially of test 
pictures coming via this CTI circuit, appear on 
the screen with the same color definition as 
RGB transmissions. 


Figure 8 gives an explanation of the CTI 
function: the simplified circuits are shown on 
the left and the signals occurring at these are 
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Figure 5. Application Diagram for the Video Combination TDA3505 and the Video Final Stages 
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Figure 6. Multi-Standard Decoder Using the TDA4580 
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Figure 7. Y-delay Time for CD Signals With and Without Transient Improvement 


shown on the right. Part ''A'' shows a color 
difference input signal with a fast positive 
transient corresponding to the maximum 
bandwidth of the color difference signal. 


The subsequent negative signal characteris- 
tics are slower. In this circuit, the input signal 
is supplied after an impedance transformer 
via a switch and a further impedance trans- 
former to the output. A storage capacitor is 
connected between the switch and the output 
impedance transformer, and is charged by 
the input impedance transformer in accor- 
dance with the signal characteristic. 


Processing of the switching signal is affected 
by differentiation of the color difference sig- 
nal, followed by full-wave rectification. Figure 
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8b shows the signals obtained in this way, 
which are supplied to a comparator via a 
high-pass filter. A diode at the high-pass filter 
reduces the charge reversal time and, thus, 
the dead time for generation of a switching 
signal for transients following in rapid succes- 
sion. A comparator with threshold voltage 
generates a switching voltage as shown in 
Figure 8d from the signal of 8c when the 
threshold voltage is exceeded, and this trig- 
gers the switch. The switch is thus opened at 
the beginning of a transient and the voltage is 
maintained by the storage capacitor at the 
time before the transient. After completion of 
a fast transient, the switch is closed and the 
capacitor's charge is changed in approxi- 
mately 150ns to the voltage after the tran- 
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sient. The effect of a slower transient charac- 
teristic is shown in the second part of the 
signal in Figure 8c. Only a small part is 
affected. For even slower characteristics, the 
differential quotient is so small that the 
threshold voltage is no longer exceeded and 
there is no effect on the signal. Thus, for the 
most part, only transients having a steepness 
approaching the system limit are improved, 
whereas slower signal characteristics remain 
unchanged. 


Figure 10 shows the entire block diagram with 
external circuitry of the CTI IC. 


The lower CTI section affects signal process- 
ing for the two color difference signals in 
parallel circuits, as already described. Only 
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one switching signal forming stage is incorpo- 
rated, and this is triggered by the differentiat- 
ing stage of the two channels. Thus, the 
signal switches will always work in parallel, so 
that transient improvement is also parallel in 
the two channels. 


The transient-improved color difference sig- 
nals require a longer Y signal delay line with a 
delay time of up to 1000ns, which is addition- 
ally realized in this IC in gyrator technique. 


A selection capability has been incorporated 
for the delay time, by means of a switching 


voltage, since the total required delay time is 
dependent on the overall television receiver 
concept. The delay line comprises a total of 
11 gyrator all-pass elements with a delay time 
of 90ns each, making a total of 990ns. The 
group delay and frequency behavior of the 
gyrator delay line is very good up to 5MHz. 


A switching stage permits optional by-pass of 
one, two, or three of these elements, so that 
a minimum of 8 X 90ns = 720ns is effective. 
The transient improvement of the color differ- 
ence signal makes coincidence errors with 


TRANSIENT OF CD-SIGNAL 


—__ 


DIFFERENTIATING FILTER 
DOUBLE RECTIFIER 


STORAGE 


I capacitor 


February 1987 


CD-OUT 
SIGNAL 
TRANSI 
IMPROVED 


Figure 8. Function of CTI 


10-8 


Application Note 


AN155A 


respect to the Y signal especially visible. A 
slight increase in delay time by 45ns has 
therefore been provided for fine tuning, work- 
ing via an IC pin to be connected to ground. 


A signal tapping is available before the last 
delay element for a further picture improve- 
ment capability by means of deflection modu- 
lation. 


Figure 11 depicts the circuit diagram of the 
TDA4565. 
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Figure 9. Block Diagram of Picture-improvement IC TDA4565* 
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Figure 10. Various Combinations Used to Implement the Multi-Standard Color Decoder 
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Figure 11. Circuit Diagram of TDA4565 
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DESCRIPTION 

The TDA3505 performs the control func- 
tions in a PAL/SECAM decoder, which 
also comprises the TDA3510 (PAL de- 
coder) and/or TDA3530 (SECAM de- 
coder). 


The required input signals are: lumi- 
nance and color difference -(R-Y) and 
-(B-Y), while linear RGB signals can be 
inserted from external sources. RGB 
Output signals are delivered for driving 
the video output stages. This circuit 
provides automatic cut-off control of the 
picture tube. 


ORDERING INFORMATION 


TDA3505 


Chroma Control Circuit 


Product Specification 


FEATURES 

e Capacitive coupling of the color 
difference and luminance input 
signals with black level clamping 
in the input stages 

e Linear saturation control in the 
color difference stages 

@ (G-Y) and RGB matrix 

e Linear transmission of inserted 
signals 

e Equal black levels for inserted 
and matrixed signals 

e 3 identical channels for the RGB 
signals 

e Linear contrast and brightness 
control, operating on both the 
inserted and matrixed RGB 
signals 

e Peak beam current limiting input 

e Horizontal and vertical blanking 
and clamping of the three input 
signals obtained via a 3-level 
sandcastle pulse 

e DC gain controls for each of the 
RGB output signals (white point 
adjustment) 

e Emitter-follower outputs for 
driving the RGB output stages 

e Input for automatic cut-off 
control of the picture tube 

e Compensation for leakage 
current of the picture tube 


APPLICATIONS 
e Video processing 
e TV receivers 


PIN CONFIGURATION 


N Package 


RED 
SIGNAL OUT LU 


5g] AUTO CUT-O 

CONTROL IN 
BEAM CUR 

CONTROLIN 


WHITE 
POINT ADJ 


WHITE 
POINT ADJ 


B SIGNAL IN 
G SIGNAL IN 
R SIGNAL IN 


SAT CONTROL 
18} Vout 


15] Y SIGNAL IN 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
28-Pin Plastic DIP (SOT-117) -20°C to +80°C TDA3505N 
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BLOCK DIAGRAM (PART B) 
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ABSOLUTE MAXIMUM RATINGS 


Voltages with respect to Pin 24 
Pin 26 


V26 - 24 


V25-24 Pin 25 
Vi0-24 Pin 10 
Vi4-24 Pin 11 
Vi6, 19, 20-24 Pins 16, 19, 20 
Va1, 22, 23-24 Pins 21, 22, 23 


Pins 1, 3, 5; 2, 4, 28; 7, 8, 9; 
12, 13, 14; 15, 17, 18; 27 


No external 
DC voltage 


Currents 
Pins 1, 3, 5 
Pin 19 
Pin 20 


3 mA 

10 mA 

5 mA 
Pin 25 5 mA 
Total power dissipation 
Storage temperature range -65 to +150 
Operating ambient temperature range -20 to +70 
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DC ELECTRICAL CHARACTERISTICS The following characteristics are measured in a circuit similar to Figure 1; 
Voc = 12V; Ta = 25°C; Vig-24(p-p) = 1.33V; V17~-24(p-p) = 1.05V; V45 ~ 24(p-p) = 0.45V; 
V12,13,14-24(P-P) = 1V, unless otherwise specified. 


SYMBOL PARAMETER 


Min 

[Voo=Ve-m | Suppl volage ange SSSSCSC~*~“~*~“~*~*~‘“~*~*~dCS®:*SSCOCSC*d;C 
ie= tcc ———S—«d; Support SC~=<“—~s*~—s—s—sssSsYYSC“‘(‘#(S OB 

Color difference inputs 

Vie-esem | ~(-¥) input signal at Pin 18 Goakiopeck vans) sd SSC*d;=C 
vires | —(F¥) input signal at in 17 Geakto-peak vay | _——«d;C~—= 
Pir. ———~|npat uront ung scanning CSCS 
[Rin wes | rputressence —SSSSCSC*~<“C~*~‘“~*~dCSCSSC«dGSC(‘“‘( AC 
[Vir w-2 | tntomal 06 votage oe to camping ———SSSSSSC*dSCSC*‘idiC@® =| Sid 


Saturation control at Pin 16 
control voltage range for a change of 
saturation from -20dB to +6dB 
control voltage for attenuation > 40dB 
nominal saturation (6dB below maximum) 
input current 


(G-Y) matrix 


VG-Y) = -0.51 Vir-yy Matrixed according to the equation 
-0.19 Vip.y) 


Luminance amplifier (Pin 15) 


Visca | Compote vdeo rout signal peakpeak va) ————«tSSC*d’as Td 
a 
Visor | ier OC vonage ——SSSSCSC=~C~“~*~*~*~‘“‘“‘~*~S*~sSSC‘“i; Yd 
isd teint ing seaming ——SSS~—S~‘iSSSCS 


RGB channels 


Signal switching input voltage for insertion (Pin 11) 
on level 
off level 


Vi1-24 
Vi1-24 


V12, 13, 14-24(P-P) 
Vi2, 13, 14-24 
ly2, 13, 14 


Input current 


Signal insertion (Pin 12: blue; Pin 13: green; Pin 14: red) 
external RGB input signal (black-to-white values) 
internal DC voltage due to clamping? 

input current during scanning 


Contrast control (Pin 19) 
control voltage range for a change of 
contrast from -18dB to +3dB 
nominal contrast (3dB below maximum) 
control voltage for -6dB 
input current at Vos5_24 2 6V 
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DC ELECTRICAL CHARACTERISTICS (Continued) The following characteristics are measured in a circuit similar to 
Figure 1; Voc = 12V; Ta = 25°C; Vig - 24(p-p) = 1.33V; 
V17-24(P-P) = 1.05V; V15- 24(p-p) = 0.45V; Vi213,14-24(P-P) = 1V, unless 
otherwise specified. 


LIMITS 


SYMBOL PARAMETER 


Peak beam current limiting (Pin 25) 
internal DC bias voltage 
input resistance 
input current at contrast control input 
at Vo5_24 = 5.1V 


Brightness control (Pin 20) 
control voltage range 
input current 
control voltage for nominal black level which 
equals the inserted artificial black level 
change of black level in the control range 

related to the nominal luminance signal (black-white) 


Internal signal limiting 
signal limiting for nominal luminance 
(black to white = 100%) 

black 

white 


White point adjustment (Pin 21: blue; Pin 22: green; Pin 23: red) 


AC voltage gain® 
at Vo1, 22, 23-24 = 5.5V 


at Vo1, 22, 23-24 = OV 
at Vo1, 22, 23-24 = 12V 


Rem ecee | rotresitnce ———SSSSC=“~*~“‘*~‘“‘“‘~*S*é*srSC‘irSCSYSC*dSC 


Emitter-follower outputs (Pin 1: red; Pin 3: green; Pin 5: blue) 


At nominal contrast, saturation, and white point adjustment 


Vi, 3, 5-24 Black level without automatic cut-off control 6.7 V 
(Vag, 2, 4-24 = 10V) 


Automatic cut-off control (Pin 26) 


The measurement occurs in the following lines after start of the vertical blanking pulse: 
line 21: measurement of leakage current 
line 22: measurement of red cut-off current 
line 23: measurement of green cut-off current 
line 24: measurement of blue cut-off current 


Vee | mt votage range —=SOSC=~“‘“‘S*CS*S*~*~*~“‘“dtCSCSC*dSC*‘“‘C OS TCV 


Voltage difference between cut-off current 
0.7 V 


measurement and leakage current? 
measurement® 
Input 26 switches to ground during horizontal flyback 
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DC ELECTRICAL CHARACTERISTICS (Continued) The following characteristics are measured in a circuit similar to 
Figure 1; Voc = 12V; Ta = 25°C; Vig-24(p-py = 1.33V; 
V17-24(P-P) = 1.05V; V15~24(p-p) = 0.45V; V12,13,14-24(P-P) = 1V, unless 
otherwise specified. 


LIMITS 
SYMBOL PARAMETER [min | typ | Max UNIT 


Gain data 


At nominal contrast, saturation, and white point adjustment 


PGi as | Vatage gain wih respect to Yano nt) Ss SCT! CC 
[usu | Pomeroy poe ow mieeg a a 
ewer [eames TTT Ts 
inputs (Pins 17 and 18) 
ds-ie=di-iz | 18 = 44-47 Frequency response (0 to 2MHz) | Frequency response (0 to 2MHz) = (§“ st ti(itisdTt ttl] 


ai-14= 69-19 Genid Votige gan of reened sora ——SSSCSC~=~—~‘—SSC‘“(;SS:*=SSC*dCw 
1-14" do-19= 5-12 | Frequency response (0 to MHz) || T| 
| Sandcastle detector (Pin 10) 


Sandcastle detector (Pin 10) 


There are 3 internal thresholds (proportional to Voc)®. 
The following amplitudes are required for separating the 
various pulses: 

horizontal and vertical blanking pulses’ 

horizontal pulse 

clamping pulse® 
DC voltage for artificial black level 

(scan and flyback) 
no keying 
input current 


NOTES: 

1. For saturated color bar with 75% of maximum amplitude. 

2. Vi1-24 < 0.4V during clamping time: the black levels of the inserted RGB signals are clamped on the black levels of the internal RGB signals. 
Vi1-24 >0.9V during clamping time: the black levels of the inserted signals are clamped on an internal DC voltage. 
Correct clamping of the external RGB signals is only possible when they are synchronous with the sandcastle pulse. 

3. With input Pins 21, 22, and 23 not connected, an internal bias voltage of 5.5V is supplied. 

. Black level of measured channel is nominal; the other two channels are blanked to ultra-black. 

5. All three channels blanked to ultra-black. 

The cut-off control cycle occurs when the vertical blanking part of the sandcastle pulse contains more than 3 line pulses. 
The internal signal blanking continues until the end of the last measurement line. 
The vertical blanking pulse is not allowed to contain more than 34 line pulses; otherwise, another control cycle begins. 

6. The thresholds are for 

horizontal and vertical blanking: V19-24 = 1.5V 
horizontal pulse: Vio-24 = 3.5V 
clamping pulse: Vio -24 = 7.0V 
7. Blanking to ultra-black (-25%). 
8. Pulse duration > 3.5yus. 


> 
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Care 
| BS SH wre 
TT A? we 
PaaS 


+12V 
(TO OTHER CIRCUITRY) 


+12V 
oo) 22uH 


NOTES: 
1. When supplied via a 752 line. 


2. Capacitor value depends on circuit layout. 


Figure 1. Typical Application Circuit Diagram Using the TDA3505 


January 14, 1987 


10-17 


Product Specification 


TDA3505 


=} 7 
cK) aro 
sua fog 0 
a4 


(yr 


ae BF4z3 


signefics 


Linear Products 


DESCRIPTION 


The TDA3563 is a monolithic, integrated 
color decoder for the NTSC standard. It 
combines all functions required for the 
identification and demodulation of NTSC 
signals. Furthermore, it contains a lumi- 
nance amplifier, and an RGB matrix and 
amplifier. These amplifiers supply sig- 
nals up to 5.3V peak-to-peak (picture 
information) enabling direct drive of the 
Output stages. The circuit also contains 
inputs for data insertion, analog as well 
as digital, which can be used for Teletext 
information, channel number display, 
etc. 


ORDERING INFORMATION 


TDA3563 


NTSC Decoder With RGB Inputs 


Product Specification 


FEATURES 


e Single-chip chroma & luminance 
processor 


e ACC with peak detector 

e DC control settings 

e External linear RGB inputs 
e High level RGB outputs 


e No black level disturbance when 
nonsync external RGB signals 
are available on the inputs 


e Luminance signal with clamp 
e Black current stabilizer 
e On-chip hue control 


APPLICATIONS 

e Video monitors and displays 
e Text display systems 

e Television receivers 

e Graphic systems 

e Video processing 


PIN CONFIGURATION 


DECOUP 

SAT 
CONTROL 
CON 
CONTROL 
SANDCAST' i 
INSERTION 
CIR SWITCH 
LUMINANCE 
SIGNAL IN 


BRIGHTNESS 
CONTROL 


RED OUT 
REDIN 
GREEN OUT 


N Package 


CHROM AMP 
OUT 


HUE 
25) CONTROL 


33] MILLER INT 
REF SIGNAL 
PHASE ADJ 


Fal CHROMA 
DEMOD IN 
BLACK LEVEL 
CLAMP CAP 
79) BLACK LEVEL 
CLAMP CAP 
18] BLACK LEVEL 
CLAMP CAP 


BLUE IN 


15] GREEN IN 


CD12840S 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
28-Pin Plastic DIP (SOT-117) -25°C to +65°C TDA3563N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


Storage temperature range -65 to +150 
Operating ambient temperature range -25 to +65 


Thermal resistance from junction to ‘ 
Oya ; ; C/W 
ambient (in free-air) 
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2861 ‘Z| Areniqey 


6L-OL 


SATURATION 


LIN/LOG 
CONVERTER 


330nF} 2 WOnFI5 


LUMINANCE 
CONTRAST 
CONTROL 


HUE 
- CONTROL rE 


+ 
a. 


e 
DATA BLANKING 


WVHSVIG WO01E 
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DC AND AC ELECTRICAL CHARACTERISTICS Vcc = V; - 27 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
— _— Lwin | tye | ox | 


a 
ror ‘(To power asapaton———SSSCS~—~S~“—sS*~é~sSC“‘idtSS tw | 
Vamp [out vonage! @eaktopeak vane) ———SOSCS~*~“~*‘“~*~srCSC*‘“‘*‘di‘SCSSCYSCOS*C“‘di;SCSS~™ 
| conrast conta range Goo Faure) SSCS*~=“~*~‘—dtC CPS; 
Tit votage for an atenuaton of aous—SSSC*~=~—~—rCSC‘( NSCS 
Te eonrast contempt curent———SSCSC*~=~<~sSSC‘iRSC“‘“(; OS Co 
[ernie empty 


Chrominance amplifier 


—~t of the burst signal at the output over the whole control 
range 
V Output voltage? (peak-to-peak value) at a burst signal of 0.3V 
nee peak-to-peak 


Maximum output voltage range (peak-to-peak value); Ry = 2kQ - da 

—— i in ee maces Meee 
- | Saturation contol range oe Faw) SSSSCSC~<“—*~stSCSSSSC*‘“RSC“‘<U! BC 
ris | Satwraton contol input cwrent —SSSS*~—~sSSC*‘dRSCSC‘“‘“(]SOC*CSCMA 
[T2es-arl | Oubut impedance of chrominance anal —=S=~=“‘*‘*éisSC*“‘(g[W @S~C*dO*dYSCO 
is «Outport SSCSC~<“—~sS~iSC“‘“(RSSCSC*dDSCNO Sm 
| Reference part 


Reference part 


Phase-locked loop 
catching range* 
phase shift ° 


Oscillator 
temperature coefficient of oscillator frequency* 
frequency variation when supply voltage increases from 
10V to 13.2V4 

input resistance (Pin 26) 

input capacitance (Pin 26) 


ACC generation (Pin 2) 
control voltage at nominal input signal 
control voltage without chrominance input 
color-off voltage 

color-on voltage 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc = V; ~27 = 12V; aa unless otherwise specified. 


Puts 
_ a min | tye | mex | 


Demodulator part 


Ratio for demodulated signals for equal input signal amplitudes 
1.064 10% 
-0.27+ 20% 
(G-Y)/(B-Y); no (R-Y) signal -0.2+ 20% 


(B-Y)/(R-Y) 


RGB matrix and amplifiers 


Vi2, 14, Output voltage? (peak-to-peak value) at nominal luminance/contrast V 
16-27 (black-to-white) 
1 27 


aia te | 14, 16 ly, 14,16 | Maximum output current }Maximum output current ss tm 
Tr 
(J iahinoss contol votage range SS~*~‘~dtCS*~“~*~*s OQ 
Tix | Brohiness contol input cwrent——SSSCS~=~“~*~*~“‘“‘“RSS*‘“dSCS™*s‘“‘<‘zsTCSC*dSCO 
wee = a ee 
| Blanking level at the RGB outputs level at the RGB outputs Ca a 


Tracking of output black level with supply voltage 
i ro 


| IZ40, 14, 16-27! | 14, 16- | IZ40, 14, 16-27! | Output impedance of RGB outputs i aaron nme ein 


Frequency response of total luminance and RGB amplifier circuits 
for f=0 to 5MHz 


Data insertion 


V3, 15, 
17 - 27(P-P) 


Data blanking (Pin 9) 


(G-Y)/(R-Y); no (B-Y) signal 


Input signals (peak-to-peak value) for an RGB output voltage of 5V 
(peak-to-peak) 


a Cc — a 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = V;~27 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | tye | Max | 


Sandcastle input (Pin 8) 


Level at which burst gating and clamping pulse are separated f-@6 | Zo] 76 | Vv | 
ht Delay between black level clamping and burst gating pulse 


Input current 
at Vg_07=0 to 1V 


at Vg_07=1 to 8.5V 
at Vg_o7 = 8.5 to 12V 


NOTES: 

1. Signal with negative-going sync; amplitude includes sync amplitude. 

2. Indicated is a signal for a color bar with 75% saturation; chrominance to burst ratio is 2.2:1. 

3. At nominal contrast and saturation. Nominal contrast is specified as the maximum contrast -3dB and nominal saturation as the maximum saturation 
-6dB. 

4. All frequency variations are referred to 3.58MHz carrier frequency. 

5. For + 400Hz deviation of the oscillator frequency. 

6. If the typical voltage for this white level is exceeded, the output voltage is reduced by discharging the capacitor at Pin 7 (contrast control); discharge 
current is 1.5mA. 


s 
E 
: 
2 
: 
fl 


Figure 1. Contrast Control Voltage 


Figure 2. Saturation Control Voltage Figure 3. Brightness Control Voltage 
Range 
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APPLICATION INFORMATION 
The function is described beside the corre- 
sponding pin number. 


1 +12V power supply — The circuit gives 
good operation in a supply voltage range 
between 8 and 13.2V provided that the supply 
voltage for the controls is equal to the supply 
voltage of the TDA3563. All signal and control 
levels have a linear dependency on the supply 
voltage. The current consumed by the IC at 
+12V is typically 85mA. It is linearly depen- 
dent on the supply voltage. 


2 Control voltage for identification — The 
output pulses of the ACC detector are de- 
tected with a sample-and-hold circuit to obtain 
information for the color-killer. The output is 
available at Pin 2. 


3 Chrominance input — The chrominance 
signal must be AC-coupled to the input. Its 
amplitude must be between 55 and 
1100MmVp.p (25 to 500mVp.p burst signal). All 
figures for the chrominance signals are based 
on a color bar signal with 75% saturation, if 
the burst-to-chrominance ratio of the input is 
V2.2. 


4 Control voltage ACC detector — The 
shifted burst signal is synchronously demodu- 
lated in a separate ACC detector to generate 
the ACC voltage. The output pulses of this 
detector are peak detected to control the gain 
of the chrominance amplifier, thus preventing 
blooming-up of the color during weak signal 
reception. 


5 Decoupling of the 90° phase shift 
circuit — A control circuit is required in the 
90° phase shift circuit to make the chromi- 
nance voltage independent of the hue setting. 
The control circuit is decoupled by a capacitor 
at this pin. 


6 Saturation control — The saturation con- 
trol range is in in excess of 50dB. The control 
voltage range is 2 to 4V. Saturation control is a 
linear function of the control voltage. 


When the color-killer is active, the saturation 
control voltage is reduced to a low level if the 
resistance of the external control network is 
sufficiently high. Then the chrominance ampli- 
fier supplies no signal to the demodulator. 
Color switch-on can be delayed by proper 
choice of the time constant for the saturation 
control setting circuit. 


When the saturation control pin is connected 
to the power supply, the color-killer circuit is 
overruled so that the color signal is visible on 
the screen. In this way it is possible to adjust 
the oscillator frequency without using a fre- 
quency counter (see also Pins 24 and 26). 
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7 Contrast control — The contrast control 
range is 20dB for a control voltage change 
from +2V to +4V. Contrast control is a linear 
function of the control voltage. The output 
signal is suppressed when the control voltage 
is 1V or less. If one or more output signals 
surpasses the level of 9V, the peak white 
limiter circuit becomes active and reduces the 
output signals via the contrast control by 
discharging a 10uF capacitor via an internal 
current sink. 


8 Sandcastle and vertical blanking 
input — The output signals are blanked if the 
amplitude of the pulse is between 2V and 
6.5V. The burst gate and clamping circuits are 
activated if the input pulse exceeds a level of 
7.5V. The higher part of the sandcastle pulse 
should start just after the sync pulse to 
prevent clamping of the video signal on the 
sync pulse. The duration should be about 4us 
for proper ACC operation. 


9 Video-data switching — The insertion 
circuit is activated by means of this input by an 
input pulse between 1 and 2V. In that condi- 
tion, the internal RGB signals are switched off 
and the inserted signals are supplied to the 
output amplifiers. If only normal operation is 
wanted, this pin should be connected to 
ground (Pin 27). 


The switching times are very short ( < 20ns) to 
avoid colored edges of the inserted signals on 
the screen. 


10 Luminance signal input — The input 
signal should have a peak-to-peak amplitude 
of 0.45V (peak white to sync) to obtain a 
black-white output signal of 5.3V at nominal 
contrast. It must be AC-coupled to the input by 
a capacitor of about 22nF. The signal is 
clamped at the input to an internal reference 
voltage. The 1kQ2 luminance delay line can be 
applied because the luminance impedance is 
very high. Consequently, the charging and 
discharging currents of the coupling capacitor 
are very small and do not influence the signal 
level at the input noticeably. Additionally, the 
coupling capacitor value may be small. 


11 Brightness control — The black level of 
the RGB outputs can be set by the voltage on 
this pin (see Figure 3). The minimum black 
level is identical to the blanking level. The 
black level can be set higher than 4V; howev- 
er, the available output signal amplitude is 
reduced (see also Pin 7). Brightness control 
also operates on the black level of the insert- 
ed signals. 


12, 14, 16 RGB outputs — The output cir- 
cuits for red, green, and blue are identical. 
Output signals are 5.3V (black-white) for nomi- 
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nal input signals and control settings. The 
black levels of the three outputs have the 
same value. The blanking level at the outputs 
is 2.1V. The peak white level is limited to 9V. 
When this level is exceeded, the output signal 
amplitude is reduced via the contrast control 
(see also Pin 7). 


13, 15, 17 Inputs for external RGB 
signals — The external signals must be AC- 
coupled to the inputs via a coupling capacitor 
of about 100nF. Source impedance should not 
exceed 15022. The input signal required for a 
5Vp.p output signal is 1Vp.p. At the RGB 
outputs the black level of the inserted signal is 
identical to that of normal RGB signals. When 
these inputs are not used, the coupling capac- 
itors have to be connected to ground (Pin 27). 


18, 19, 20 Black level clamp capacitors — 
The black level clamp capacitors for the three 
channels are connected to these pins. The 
value of each capacitor should be about 
100nF. 


21, 22 Demodulator input and reference 
signal phase adjustment — The (R-Y) and 
(B-Y) demodulator inputs are internally con- 
nected (Pin 21). The phase angle between the 
two reference carriers is 115°. At the nominal 
hue adjustment, the (B-Y) signal is demodu- 
lated with a difference of 0°. The phase shift of 
115° can be changing the voltage at Pin 22. 
The gain at the two demodulators is identical. 
The (G-Y) is composed of -0.27(R-Y) 
-0.22(B-Y). 


23, 25 Hue control — The hue control is 
obtained by changing the phase of the input 
signal of the burst phase detector with respect 
to the demodulator input signal. This phase 
shift is obtained by generating a 90° shifted 
sine wave via a Miller integrator (biased via Pin 
23) which is mixed with the original burst 
signal. 


24, 26 Reference oscillator — As the burst 
phase detector has an asymmetrical output, 
the oscillator can be adjusted by changing the 
voltage of the output (Pin 24) via a high-ohmic 
resistor. The capacitor in series with the 
oscillator crystal must then have a fixed value. 
When Pin 6 (saturation control) is connected 
to the positive supply line, the burst phase 
detector is based in its nominal position and 
the color-killer is overruled. This position can, 
therefore, be used for the adjustment of the 
oscillator. 


27 Ground 


28 Output of the chrominance amplifier — 
The (R-Y) and (B-Y) demodulator input (Pin 
21) is AC-coupled to this output. 
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T SIGNALS 
SANDCASTLE voted 


PULSE 


BRIGHT. 


AVERAGE 
BEAM CURRENT 


O 
SWITCH 
Coe ee ee eee 


DATA INPUT SIGNALS 


3.58MHz CONTOUR 
TRAP CORRECTION 


NOTES: 
Coils: TOKO 7P material 
L1: 24 turns chroma bandpass 
L2: 2X12 chroma trap 
L3: 16+ 39 delay equalization 
Figure 4. The Application Circuit of the TDA3563 
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INTRODUCTION 

The 28-pin single-chip decoder TDA3563 
combines all the functions required for the 
identification and demodulation of NTSC sig- 
nals. 


Furthermore it contains a luminance amplifier, 
and an RGB matrix and RGB amplifiers which 
provide nominal output signals of 5.3Vp_p. 


It also contains analog inputs for external 
RGB data signals. Switching over from video 
handling to data insertion occurs via fast 
video-data switching, which allows inlay of 
data into the running picture, without causing 
colored edges at the transients. So these 
inputs can be used for teletext, channel 
numbering, TV games, etc. The output signals 
are controlled by a peak white limiter, by 
means of an internal current sink on the 
contrast control voltage, which reduces the 
outputs when they tend to become too large. 
A description of the IC and its external 
circuitry is given in this report. 


CIRCUIT DESCRIPTION 

The block diagram of the TDA3563 is given in 
Figure 1. The internal circuitry connected 
directly to the pins will be discussed at the 
concerning subjects. 


The Luminance Signal 


(see Figure 2) 

The luminance channel is designed for lumi- 
nance signals with negative-going sync pul- 
ses which should have a typical amplitude of 
0.45Vp.p (peak white to sync). So the decod- 
er can also be easily designed to accept 
external video signals with an amplitude of 
1Vp.p (e.g., video recorder signals). The lumi- 
nance signal is AC-coupled to the luminance 
input (Pin 10) where it is clamped to an 
internal reference voltage of about 2.5Vpc. 


The input impedance is very high (input 
current typ. 0.15uA) and the charging and 
discharging currents of the coupling capacitor 
are very small. Therefore a 1k delay line 
circuit can be placed in front of it, without 
influencing the black level of the input signal 
noticeably (also see Figure 3). Additionally, 
the coupling capacitor can be small: 10nF. 
During clamping the input is very low-ohmic, 
which reduces noise and residual signals. 


The clamping pulse is obtained from the 
upper part of the sandcastle pulse (Pin 8) and 
it operates only during the back porch of the 
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video signal. In the luminance contrast con- 
trol stage, the luminance is gain-controlled by 
a DC voltage from the lin-log converter of the 
contrast control voltage at Pin 7. For a control 
range of 2.0 to 4.0V, there exists a linear 
relationship between a voltage change at Pin 
7 and the gain of the luminance contrast 
control stage (see Figure 4a). 


The input impedance at this Pin 7 is very high 
(maximum input current 15uA), so remote 
control circuitry can directly drive the contrast 
control without need for an impedance con- 
verter. (This also holds for the saturation and 
the brightness control inputs, respectively, 
Pins 6 and 11.) 


The total contrast range is in excess of 20dB. 
At nominal contrast control voltage (3.4Vpc) 
and nominal input signal of 0.45Vp_p (includ- 
ing sync pulse) the output signals at the RGB 
output pins (Pins 12, 14 and 16, respectively) 
are 5.3Vp.p (black-to-white). At maximum 
contrast control voltage (4Vpc), the output 
signals have an amplitude of +3dB, with 
respect to their nominal value. At minimum 
contrast control voltage (2.0Vpc), the output 
signals still have an amplitude of minus 17dB 
with regard to their nominal value (about 15% 
rest signal). This is to avoid having the picture 
completely disappear when the front controls 
are not tuned correctly. 


If the voltage at Pin 7 is below 1.2Vp¢ (this is 
outside of the normal contrast control range) 
the output signals are completely suppressed 
(minus 40dB); also see Figure 4a. After con- 
trast control, the luminance signal is fed to 
the three matrix circuits. 


The External Luminance Input Circuit 
(see Figure 3) 

A composite video signal of 2.7Vp.p is as- 
sumed with a low-ohmic source impedance: 
The video signal is fed to a 3.58MHz trap 
(L1C1) and a delay equalization circuit 
(L2C2). Because of the latter, the attenuation 
of the 3.58MHz chroma signal can be very 
high without causing group delay distortion 
into the luminance signal. It also has the 
additional advantage of contour correction, 
which generates very sharp transients. As 
shown in Figure 6: 


- the upper signal shows a 250kHz bar 
with a contour correction of about 
10% 

- the lower signal is the corresponding 
sweep signal up to 10MHz. 
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The extension of contour correction depends 
on the source impedance of the video signal 
(the original source impedance plus the value 
of resistor R1) and on the adjustment of L2. 
(If a cheaper 3.58MHz trap or a comb filter is 
preferred, the filters L1C1 and L2C2 can be 
replaced by it.) 


After trapping, the luminance signal is fed via 
a luminance delay line and a resistor network 
to a coupling capacitor of 10nF. 

*NOTE: 

If a video input signal of 1Vp.p is used R2 can be 
omitted and R3 should then have a value of 1kQ 
without changing the rest of the input circuit. 


The Chrominance Signal 


(see Figures 3 and 7) 

The composite video signal is fed to the 
3.58MHz bandpass filter, consisting of L4, C4 
and R4 via C3. The chrominance information 
is then fed via a coupling capacitor of 10nF to 
the chroma input (Pin 3). The chrominance 
channel has an asymmetrical input and must 
be AC-coupled; its amplitude should be be- 
tween 55 and 1100mVp.p (which corresponds 
to 25 and 500mVp.p burst information of a 
75% saturated color bar). It may not exceed 
1.1Vp_p, otherwise clipping of the input signal 
will occur. The chrominance signal is first fed 
to the gain control stage, which has a control 
range in excess of 30dB, controlled by the 
ACC (Automatic Color Control) detector. After 
this the signal is fed to the gated saturation 
and contrast control stages. The contrast 
stage is directly coupled to the luminance 
contrast control, so that there is good track- 
ing between the luminance and the chromi- 
nance contrast control. Typical tracking is 
within 1dB over a control range of 10dB, 
starting at maximum contrast. 


The saturation control stage is driven by a DC 
voltage of the lin-log converter of the satura- 
tion control voltage at Pin 6. The control 
range is in excess of 50dB, which corre- 
sponds to a saturation control voltage of 2.0 
to 4.0Vpc; also see Figure 4b. 


To cancel the settings of saturation and 
contrast control during the burst information, 
the two control stages are set at maximum 
gain during flyback. The chrominance signal 
is fed to the chrominance output (Pin 28) via 
an emitter-follower. 

*NOTE: 

If a video signal of 1Vp.p is used, C4 should have a 
value of xxpF and R4 can be omitted. 


Via a capacitor of 220pF, the chrominance 
output signal at Pin 28 is fed to the demodula- 
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tor input, Pin 21, where the chrominance 
signal is split up into two ways, the first going 
to the color demodulators and the second 
going to the chrominance reference circuit. 


The Chrominance Reference 


Circuit (see Figure 8) 

The chrominance signal at Pin 21 is fed to a 
Miller integrator, which is biased via Pin 23, 
where it is shifted over 90 degrees. Both the 
original incoming signal and the shifted signal 
are fed to a mixer circuit, which is controlled 
by the DC voltage of the hue control voltage 
at Pin 25. 


The voltage range of the hue control at Pin 25 
corresponds to a phase control (see Figure 
5a). In this way the chrominance signal of the 
reference circuit is phase-controlled. A gain 
control circuit is required in the 90° phase- 
shift circuitry to make the chrominance volt- 
age independent of the hue setting. Its con- 
trol voltage is decoupled by the capacitor 
connected at Pin 5. 


The Burst Phase Detector 

The burst phase detector consists of a syn- 
chronous detector, in which the phase-con- 
trolled chrominance signal is demodulated by 
the (R-Y) reference signal, obtained from the 
divide-by-2 circuit of the reference oscillator. 
Via the low-pass filter R5, C5 and C6 at Pin 
24 the demodulated burst information is fed 
to the reference oscillator. In this way the 
reference oscillator is locked to the hue- 
controlled chrominance signal. 


The Reference Oscillator 

The 7.16MHz reference oscillator operates at 
twice the subcarrier frequency and is con- 
trolled by the burst phase detector, which is 
gated with the narrow part of the sandcastle 
pulse. As the burst phase detector has an 
asymmetrical output, the oscillator can be 
adjusted by changing the voltage of the 
output (Pin 24) via a high-ohmic resistor (R6). 
The capacitor in series with the X-tal (Pin 26) 
should then have a fixed value. 


When Pin 6 (saturation control) is connected 
to the positive supply line, the burst phase 
detector is biased in its nominal position and 
the color-killer is overruled. In this position the 
reference oscillator can be adjusted. 


By dividing the oscillator signals by a factor 2, 
two reference signals, with a mutual phase 
difference of 90 degrees, are obtained. 


ACC and Color Killing 

For the generation of the ACC control volt- 
age, the phase-controlled burst information is 
synchronously demodulated in a separate 
ACC detector. Because the burst information 
as well as the reference signals are phase- 
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controlled, there will be no mutual phase 
difference. In this way the demodulated burst 
amplitude information will be independent of 
hue settings. 


The output pulses of this detector are peak 
detected at Pin 4 to control the gain of the 
chrominance amplifier, thus preventing 
blooming up of the color during weak signal 
reception, and fed to the ACC gain control 
stage of the chrominance channel (see Fig- 
ure 7). To obtain information for the color- 
killer, the output pulses of the ACC detector 
are also detected by a sample-and-hold cir- 
cuit; this output voltage is available at Pin 2. 
For a decreasing burst information, the con- 
trol voltage also decreases until it reaches an 
internal fixed reference voltage of xxVpc; 
then the killer becomes active. At that mo- 
ment the demodulators are switched off and 
an internal current sink reduces the saturation 
control voltage to a low level (provided the 
source impedance of the external saturation 
control network is sufficiently high). Color 
switch-on can be delayed by proper choice of 
the time constant of the saturation setting 
circuit. Manual killing can be achieved by 
connecting Pin 6 to ground. 


Reference Signals for the Demodulators 
(see Figure 9) 

The reference signal for the (B-Y) color de- 
modulator is directly achieved from the di- 
vide-by-two circuit. 


To obtain a flesh-tone correction, the refer- 
ence signal for the (R-Y) color demodulator is 
achieved by mixing the (R-Y) and (B-Y) refer- 
ence signals to a new (R-Y)* reference sig- 
nal. When Pin 22 is left open there is a mutual 
phase relation of about 115 degrees between 
the (B-Y) and the (R-Y)* reference signal. If a 
DC voltage is connected to Pin 22, this phase 
angle can be adjusted between 90° and 140° 
(see Figure 10). 


The Color Demodulators 

The incoming chrominance signal at Pin 21 is 
also fed to the two demodulators. The refer- 
ence signals for the demodulators are hue- 
controlled, so the chrominance output signals 
of the demodulators will also be hue-con- 
trolled. 


Also, for flesh-tone correction, the gain of the 
two demodulators is made identical. This 
means that the amount of (R-Y) information is 
increased by a factor of 1.78. 


The output signals are fed to the R and B 
matrix circuits and to the (G-Y) matrix, where 
the (G-Y) signal is composed by: 

(G-Y) = -0.27(R-Y) -0.22(B-Y). 


This means that only the red information is 
increased. 
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The Video Control Circuits 
(see Figure 11) 


The RGB Matrices 

Because the three matrix and output circuits 
are identical, only the R-channel will be de- 
scribed. 


The luminance signal from the luminance 
contrast control stage and the color-differ- 
ence signal from the (R-Y) matrix are added 
in the matrix circuit. After this the signal is fed 
to the Video-Data switch. 


The Video-Data Switch 

This single-chip NTSC decoder also has the 
facility for inserting external analog RGB 
signals at Pins 13, 15 and 17, respectively. 
The black level of the inserted signals are 
equalized to the black level of the internal 
video signals. In this way there will be no 
mutual black level difference between the 
video and the inserted RGB signals. For this 
purpose, the external signals are AC-coupled 
to the input pins and clamped during the 
upper part of the sandcastle pulse. The 
source impedance of the external signals 
should not exceed a value of 1502 to avoid 
any disturbance of black level during clamp- 


ing. 


Switching-over from video handling to exter- 
nal data insertion is activated by means of the 
input signal at Pin 9. If the voltage level at this 
switch input Pin 9 exceeds a DC level of 
0.9Vpc, the internal RGB signals, coming 
from the matrix circuits, are switched off and 
the external RGB signals are inserted. Be- 
cause switching times are very short (within 
20ns) inlay of data into the running picture, 
e.g., teletext information, channel numbering 
is possible without causing colored edges at 
the transients of the inserted signals. For an 
output signal amplitude of nominal 5.3Vp.p, 
the external input signal should have an 
amplitude of 1Vp.p. 


Because the inserted signals are clamped by 
means of the sandcastle pulse, the external 
RGB signals must be synchronous with the 
video input signal and the sandcastle pulse. 


Even if they are not inserted by means of the 
video-data switching signal at Pin 9, the 
external signals at the input Pins 13, 15 and 
17 must be synchronized. This is to avoid a 
disturbance of the control voltages at the 
storage capacitors at Pins 18, 19 and 20, by 
large current surges, introduced by voltage 
steps in the external signals during clamping 
time. This effect would disturb the black level 
of the output signals considerably and would 
be visible on the screen. If only video han- 
dling is wanted, the components at the switch 
and data inputs can be omitted. 
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The Brightness Control 

After the Video-Data Switch, the signal is 
amplified and fed to a black level clamp. The 
black level of the output signal is compared 
with an external reference voltage level (Pin 
11) which is used for brightness setting, and 
the control voltage is stored in a capacitor 
that is connected to Pin 20 (Pins 19 and 18 
for G and B, respectively). The clamping 
pulse is derived from the small upper part of 
the sandcastle pulse at Pin 8. 


The Peak White Limiter 

The maximum white level of the output sig- 
nals is 9.3Vpc. If one (or more) of the output 
signals tends to surpass this level, the output 
signal will be clipped to this maximum voltage 
level and at the same time the peak white 
limiter will become active. It reduces the 
output signals via the contrast control by 
discharging the smoothing capacitor C7 at 
Pin 7 via an internal current sink of about 
5mA. As long as the output signal is too high, 
the current sink will be active. The time 
constant of decreasing the contrast setting 
voltage is determined by the internal dis- 
charging current of 5mA and by the value of 
the smoothing capacitor C7. The recovery 
time is determined by the source impedance 
of the resistor network at Pin 7. The complete 
time constant of loading and unloading 
should be chosen so that the peak white 
limiting action will not become visible on the 
screen within one field period. When this time 
constant is too small, the contrast setting 
voltage will decrease too rapidly (e.g., within 
some line periods) and will also recover too 
fast after the limiting action stops (depending 
on the picture contents). When this happens, 
the complete action becomes visible on the 
screen; if there is a white object on the 
screen (with too high amplitude), the com- 
plete video signal amplitude will be reduced 
rapidly, and when the object ends, the video 
signal amplitude will also increase very fast. 
This would result in a display of horizontal 
bars of different brightness on the screen; the 


NOTE: 
1.For alternative adjustment procedure, see 
Appendix Il. 
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length and the number of bars depends on 
the video contents. 

NOTE: 

The peak white limiter will also be activated if the 
inserted RGB signals become too large. However, 
these signals are not contrast-controlled and cannot 
be reduced by the limiter. If the inserted signals are 
inlaid into a running picture, and the peak white 
limiter is activated by them, the RGB signals will be 
clipped at 9.3Vpc, but the normal video signal will 
disappear because the limiter will reduce the con- 
trast-setting voltage completely. 


The Sandcastle Pulse Processor 
(see Figure 9) 

In the sandcastle pulse processor, the sand- 
castle pulse at Pin 8 is separated into two 
timing pulses. The first pulse is separated at a 
voltage level of 1.5Vpc and will be used for 
gating in the chrominance channel (for the 
gated saturation and contrast amplifiers) and 
for blanking the RGB output signals. During 
blanking, a level of 2Vpc is available at the 
outputs. 


The second timing pulse is separated at a 
voltage level of 7Vpc; this pulse is used for 
black level clamping and burst-keying. There- 
fore, the upper part of the sandcastle pulse 
should start just after the horizontal synchro- 
nization pulse to prevent black level clamping 
during the sync. pulse. 


The Control-Setting Circuits 

Figure 3 also shows the resistor networks 
that are used to make the control voltage 
ranges, for the several controls, out of a 
control range of 0 to Vsupp_ty. This means 
that all the front controls of the color receiver 
are standard from zero up to the supply 
voltage. Using such networks it is also possi- 
ble to transform control voltage ranges from 
remote-control systems to the required volt- 
age ranges in an easy way. See Appendix I. 


The contrast control voltage should also be 
controlled by the average beam current-limit- 
er, which should become active if the average 
beam current exceeds a certain value. At that 
moment the capacitor at Pin 7 should be 
discharged via diode D1. 


The contrast and saturation control voltages 
can be overruled by service switches used for 
adjustment procedures. 
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ALIGNMENT PROCEDURES 
Only four adjustments are required by the 
whole decoder: 


- the reference oscillator 


- the 3.58MHz trap in the luminance 
channel 


= the contour correction in the 
luminance channel 


- the 3.58MHz bandpass in the 
chrominance channel. 


The Reference Oscillator’ 

For adjusting the frequency of the reference 
oscillator, the color information on the screen 
can be used without using any extra measur- 
ing instruments: 


1. Apply a color bar signal. 


2. Connect Pin 6 (sat.) to the supply volt- 
age; the oscillator is free-running and the 
killer is set at unkilling. 


3. Adjust R9 for minimum rolling of the 
colors on the screen. 


4. Remove connection of Pin 6 to supply 
voltage. 

The 3.58MHz Trap in the 

Luminance Channel 

1. Apply a color bar signal. 

2. Observe one of the output signals (Pin 
12, 14 or 16) and adjust L1 for minimum 
subcarrier information. 

or 

1. Apply a plain color picture, e.g., red. 


2. Put the saturation control to minimum so 
that the screen becomes grey. 


3. Put contrast to maximum. 
. Put brightness to normal position. 
5. Adjust L1 for minimum 3.58MHz interfer- 
ence on the screen. 
Contour Correction 


1. Apply a 250kHz bar luminance signal, 
with rise and fall times of about 90ns. 


2. Observe one of the output signals (Pin 
12, 14 or 16) and adjust L2 for equal pre- 
and overshoots (see Figure 5). 

The 3.58MHz Bandpass in the 

Chrominance Channel 

1. Apply a color bar signal. 


2. Observe one of the output signals (Pin 
12, 14 or 16) and adjust L4 for optimum 
step response. 
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Figure 1. Block Diagram of the NTSC Decoder, 
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Figure 3. Application Circuit of the TDA3563 


February 1987 10-29 


AN156 


TC01310S 


AVERAGE 
BEAM CURRENT 


17 


100nF 


TC01340S 


Signetics Linear Products Application Note 


Application of the NISC Decoder: TDA3563 | AN156 


GAIN (%) 


Voe PIN 7 
0P01120S 


a. Control Characteristic of the Contrast Control 


= 
z 
< 
} 


Voc PIN 6 


OP01110S 


b. Control Characteristic of the Saturation Control 


Figure 4 
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Figure 6. Contour Correction 
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Figure 8. Chrominance Reference Circuits 
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Figure 9. Chrominance Reference Circuits (Continued) 
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APPENDIX | 

Conversion of a full-swing control voltage 
range (from zero up to Vsuppiy) into a 
restricted control voltage range of Viow to 


VHIGH: 


CONTROL 
© VOLTAGE 
Viow TO ViicH 


FRONT 
CONTROL 
0 TO VsupPLy 


TC01240S 


The resistors R;, Ro and Rs, as a function of 
the source impedance Rg of the network, are 
defined by the following formula: 


* first define a source impedance Rs 


Vs 
. a x Rs 
Vs-VyH 
*Ro=— XR 
2 Vi Ss 
V 
*R3g= x Rs 
H- VL 


APPENDIX Il 


Temporary Information, 
Concerning TDA3563 Versions 
Up to N6 


Alternative Adjustment 
Procedure for the Reference 
Oscillator of the TDA3563 


Using the normal frequency adjustment pro- 
cedure for the reference oscillator of the 


ADJUSTMENT PROCEDURE FOR THE REFERENCE OSCILLATOR 


OF THE TDA3565, N5 


PIN 8 


10K SANDCASTLE 


PULSE 


TC01250S 


1. Connect an Electronic Switch to Pin 3. 
(Removing the burst information) 


12V 
PIN 10-—~/~/-—0 PIN 2 
10K 


PIN 2: +10V 


PIN 4: +6V (VIA INTERNAL CIRCUIT) 


TC01270S 


2. Connect a Resistor of 10k{2 Between Pin 2 and 12V Supply Line. 
(Color killer off and ACC control to minimum) 


PIN 30————| } —— PIN 21 


56-100 pF 


TCO1260S 


3. Connect a Capacitor of 56 to 100pF Between Pins 3 and 21. 
(Input signal at the demodulator input will be without any burst information) 


PIN 24 12V 


TC01280S 


4. Frequency Adjustment of the Oscillator. 
(Adjust the potentiometer for minimum rolling of color bars at the TV screen) 
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TDA3563, i.e., setting the saturation control 
voltage (Pin 6) to 12V (unkilling and unlocking 
of the reference oscillator), and adjusting the 
trimmer capacitor for minimum rolling of color 
bars on the TV screen, the adjustment is 
disturbed by an internal defect of the burst 
phase detector. 


If the reference frequency is adjusted in this 
way, it results into a frequency deviation of 
about 1kHz when removing the 12V connec- 
tion at the saturation control input. So this 
frequency adjustment of the oscillator of the 
TDA3563, N6 cannot be used. 


Therefore an alternative adjustment proce- 
dure is developed: 

The X-tal has now a fixed capacitor of 12pF in 
series to ground, instead of the trimmer 
capacitor. The frequency adjustment is done 
via current injection into the burst phase 
detector (Pin 24). 


The reference oscillator is made free-running 
by removing the burst information out of the 
chrominance signal. 
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DESCRIPTION FEATURES PIN CONFIGURATION 
The TDA3564 is a monolithic integrated e Single-chip chroma and 
decoder for the NTSC color television luminance processor 


standards. It combines all functions re- ACC with peak detector 
quired for the demodulation of NTSC 4, DC control settings 
signals. Furthermore, it contains a lumi- # tlak-level ROG cutout 
nance amplifier and an RGB matrix and g oe ; ou 63 “ 
amplifier. These amplifiers supply output © Luminance signal with clamp 
signals up to 5Vp _ p (picture information) © Black current stabilizer 


HUE 
20) CONTROL 


; i 19] MILLER INT 
enabling direct drive of the discrete out- e On-chip hue control Peano Fg] REF SIGNAL 
put stages. CONT PHASE ADJ 

APPLICATIONS Sees Le 


j i LUMINANCE BLACK LEVEL 
e Video monitors and displays NL CLAMP CAP 
@ Television receivers 
e Video processing 


onan (a 
ORDERING INFORMATION 
DESCRIPTION TEMPERATURE RANGE ORDER CODE 
24-Pin Plastic DIP (SOT-101A) -25°C to +65°C TDA3564N 


ABSOLUTE MAXIMUM RATINGS 


ee 


A 
Bsn Thermal resistance from junction to °C/W 
ambient (in free air) 
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REFERENCE 
Voc PHASE SHIFT 
+2V (R-Y) 


2861 ‘v} Arenuer 


BLACK 
LEVEL 
CLAMPING 


CONTRAST 
CONTROL 


WVYSVIG 40018 


JSPO98d DSIN 


SJONPOld JOSEUI] sOUeUBIS 


6E-OL 


PEAK 


WHITE 
AMPLIFIER LIMITER 


SATURATION 
LIN/LOG ; 14 
CONVERTER BLANKING 
AMPLIFIER Vo 
(GREEN) 
aa 
CON- 
TROLLED GATED 
CHROMI- SATURATION CONTRAST G MATRIX GREEN 


NANCE CONTROL CONTROL AMPLIFIER 
AMPLIFIER 
PHASE 
KILLER 
SHIFT (R-Y) i BLANKING 
cieialinis REFERENCE 


a 5 
aes | 
= 


330nF]2 100nF| 5 1k 1 


re 


y9SeVvdl 


UOIOOIIOSds JONPOld 


Signetics Linear Products Product Specification 


NTSC Decoder TDA3564 


DC AND AC ELECTRICAL CHARACTERISTICS Voc = V; -23 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
min | typ | Max 


voo=Vi-ze | Sumphvvotee SSC~=“~*~*~*~“~*~*~*~*~‘“—‘~*~*~sé~*YSCSiC‘“(;CS SCT 

icc | Spy cwrent—SSC~—“—~sS~—Ss—C—sCSssssSSYSS*dY | 

Prot___| Total power despaton ——SSSC~=“~*~*—‘“‘“‘*S*S*é~sSC‘“iRST~*C(“‘iL WC 
Luminance amplifier (Pin 9) 

Ve-surm | input wotage® (eaktopeak va) SSSCSC~idSC“‘i*wCSCSYSSSCdYC 

vom | input vel before coping —SSSSSCSC=“‘“*S*S™*~*sSC‘dWNWNC#C§#SSLCB'=sdCSCV—Cd 

reid petowent SSCS 

(| eentot vote for an atonvaton of 88 
Peaking of luminance signal 

| ato f intrnel/externalcurent when Pin 10s shortcreuted 

Input impedance (Pin 11) 


Chrominance amplifier (Pin 3) 


Input voltage“ (peak-to-peak value) 


= 
Nh 


bh 
oi 


10 kQQ 


2 
Input capacitance 
ACC control range 
3 


7 


Ld Change of the burst signal at the output over the whole control range 
aaa Gain at nominal contrast/saturation Pin 3 to Pin 24° 1 
Output voltage” (peak-to-peak value) at a burst signal of 300MVp.p 


Maximum output voltage range (Pin 24) (peak-to-peak value) 


=| 
< 


Distortion of chrominance amplifier at V24-23(p-p) = 0.5V (output) 


x 


up to V3_ 23(P-P) = 1V (input) 


| Sug Frequency response between 0 and 5MHz 

aaa Saturation control range (see Figure 2) 

ble Input current saturation control (Pin 6) 

Le Tracking between luminance and chrominance contrast control 


Cross-coupling between luminance and chrominance amplifier’ 


Signal-to-noise ratio at nominal input signal° 


Phase shift between burst and chrominance at nominal contrast/ 
saturation 


Output impedance of chrominance amplifier 


= 


a 


a 
a 
me 
ai 
00 | 
i 
<a 
mm 
a 

=e 

a0 [ 
cZ 
=i 
me 
= 
=a 
=a 
am 
+5 
ae 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = V4 - 23 = 12V; "ia unless otherwise specified. 


Puimits 
SYMBOL PARAMETER Twin | typ | Max | UNIT 


Reference part 


Phase-locked loop 
Catching range® 
Phase shift for +400Hz deviation of fosc® 


Oscillator 
Temperature coefficient of oscillator frequency® 

Frequency variation when supply voltage increases from 10 to 13.2Vv® 

Input resistance (Pin 22) 

Input capacitance (Pin 22) 


ACC generation (Pin 2) 
Control voltage at nominal input signal 
Control voltage without chrominance input 
Color-off voltage 
Color-on voltage 


Change in burst amplitude with supply voltage 


see | see Figure4 | 4 


Voltage at Pin 4 at nominal input signal 


Hue control 
Control range 


Control voltage range 


Demodulator part 


Input burst signal amplitude (Pin 17) (peak-to-peak value) a ee ean 


Ratio of demodulated signals (B-Y)/(R-Y) 
(G-Y)/(R-Y); no (B-Y) signal 
(G-Y)/(B-Y); no (R-Y) signal 


oe Control range reference signal (R-Y) demodulator (Pin 18)® 


RGB matrix and amplifiers 


Vi3. 14 Output voltage (peak-to-peak value) at nominal input signal 
a8 V 
15 - 23(P-P) (black-to-white) 
Vv Output voltage at Pin 13 (peak-to-peak value) at nominal contrast/ Vv 
13 23(P-F) saturation and no luminance signal to (R-Y) 


Vaasa | Masmum poacwnie we? ——SSSCSC~=“‘*‘“*S*é‘“dC*C‘dtC SP ww 
ina 15 | Maximum ouput curent re tava ——SSSCS~iSSCSC*dSCSSSC*dSCO 


Output black level voltage for a brightness control voltage at 
Vi3, 14, 15-23 | pin 40 of av 2.7 V 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc = V; 23 = 12V; Ta = 25°C, unless otherwise specified. 


SYMBOL 


PARAMETER 


LIMITS 
UNIT 
pin | typ | Max 


Variation of black level 
with temperature 
with contrast 


Relative spread between the R, G, and B output signals 


0.35 1 mV/°C 
10 100 mV 
% 


Relative black level variation between the three channels during nai 
variation of contrast, brightness, and supply voltage 


Differential black level drift over a temperature range of 40°C ee 


Difference in blanking level of the three channels a ee eee ee 
Differential drift of the blanking levels over a temperature range of 40°C 


VBi 
—— % 


S/N 


AV/AT 
AV 
Vei  AVcc 


Residual 7.1MHz signal and higher harmonics at the RGB outputs 


(peak-to-peak value) 


Tracking of output black level with supply voltage 


Signal-to-noise ratio of output signals° 


Output impedance of RGB outputs 


Sandcastle input (Pin 8) 


f=0 to 5MHz 


Frequency response of total luminance and RGB amplifier circuits for 


Level at which the RGB blanking is activated 
Level at which burst gating and clamping pulse are separated 
Delay between black level clamping and burst gating pulse 


Input current 
at Vg_03 =0 to 1V 


at Vg_03 =1 to 8.5V 
at Vg_o3 = 8.5 to 12V 


NOTES: 


1. Signal with the negative-going sync; amplitude includes sync amplitude. 

2. Indicated is a signal for a color bar with 75% saturation; chrominance-to-burst ratio is 2.2:1. 

3. Nominal contrast is specified as the maximum contrast -3dB and nominal saturation as the maximum saturation -—6dB. 
4. Cross coupling is measured under the following conditions: 


@ |nput signals nominal 


®@ Contrast and saturation such that nominal output signals are obtained 
@ The signals at the output at which no signal should be available must be compared to the nominal output signal at that output. 


ONO OW 


voltage applied to Pin 18. 


o 


current is 1.5mA. 


FUNCTIONAL DESCRIPTION 


Luminance Amplifier 

The luminance amplifier is voltage driven and 
requires an input signal of 450mVp.p (positive 
video). The luminance delay line must be 
connected between the IF amplifier and the 
decoder. The input signal is AC-coupled to 
the input (Pin 9). 
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. The signal-to-noise ratio is defined as peak-to-peak signal with respect to RMS noise. 
. All frequency variations are referred to 3.58MHz carrier frequency. 

. These signal amplitudes are determined by the ACC circuit of the reference part. 

. When Pin 18 is open circuit, the phase shift between the (R-Y) and (B-Y) reference carrier is 115°. This phase shift can be varied by changing the 


The black level at the output of the preamplifi- 
er is clamped to a fixed DC level by the black 
level clamping circuit. The high input imped- 
ance of the luminance amplifier minimizes 
disturbance of the input signal black level by 
the source impedance (delay line matching 
resistors). 


During clamping, the low-input impedance 
reduces noise and residual signals. After 
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. If the typical voltage for this white level is exceeded, the output voltage is reduced by discharging the capacitor at Pin 7 (contrast control); discharge 


clamping, the signal is fed to a peaking stage. 
The overshoot is defined by the capacitor 
connected to Pin 10 and the peaking is 
adjusted by the control voltage at Pin 11. 


The peaking stage is followed by a contrast 
control stage. The contrast control voltage 
range (Pin 7) is nominally -—17 to +3dB. The 
linear relationship between the contrast-con- 
trol voltage and the gain is shown in Figure 1. 
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Chrominance Amplifier 

The chrominance amplifier has an asymmetri- 
cal input. The input signal must be AC- 
coupled (Pin 3) and have a minimum ampli- 
tude of 55mVp.p. The gain control stage has 
a control range in excess of 30dB, the maxi- 
mum input signal must not exceed 1.1Vp.p, 
otherwise clipping of the input signal will 
occur. From the gain control stage the chro- 
minance signal is fed to the saturation and 
contrast control stages. Chrominance and 
luminance contrast control stages are directly 
coupled to obtain good tracking. Saturation is 
linearly controlled via Pin 6 (see Figure 2). 
The control voltage range is 2V to 4V, the 
input impedance is High, and the saturation 
control range is in excess of 50dB. The burst 
signal is not affected by saturation control. 
The output signal at Pin 24 is AC coupled to 
the demodulators via Pin 17. 


Oscillator and ACC Detector 

The 7.16MHz reference oscillator operates at 
twice the subcarrier frequency. The reference 
signals for the (R-Y) and (B-Y) demodulators, 
burst-phase detector, and ACC detector are 
obtained via the divide-by-2 circuit, which 
provides a 90° phase shift. The oscillator is 
controlled by the burst phase detector, which 
is gated with the narrow part of the sandcas- 
tle pulse (Pin 8). As the burst phase detector 
has an asymmetrical output, the oscillator can 
be adjusted by changing the voltage of the 
output (Pin 21) via a high-ohmic resistor. The 
capacitor in series with the oscillator crystal 
must then have a fixed value. When Pin 6 
(saturation control) is connected to the posi- 
tive supply line, the burst signal is suppressed 
and the color killer is overruled. This position 
can therefore be used for adjustment of the 
oscillator. The adjustment is visible on the 
screen. 
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The hue control is obtained by changing the 
phase of the input signal of the burst phase 
detector with respect to the chrominance 
signal applied to the demodulators. This 
phase shift is obtained by generating a 90° 
shifted sine wave via a Miller integrator (bi- 
ased via Pin 19) which is mixed with the 
original burst signal. A control circuit is re- 
quired in the 90° phase shift circuit to make 
the chrominance voltage independent of the 
hue setting. The control circuit is decoupled 
by a capacitor connected to Pin 5. 


As the shifted burst signal is synchronously 
demodulated in a separate ACC detector to 
generate the ACC voltage, it is not affected 
by the hue control. The output pulses of this 
detector are peak detected (Pin 4) to control 
the gain of the chrominance amplifier, thus 
preventing blooming-up of the color during 
weak signal reception. This ensures reliable 
operation of the color killer. During color 
killing, the color channel is blocked by switch- 
ing off saturation control and the demodula- 
tors. 


Demodulators 

The (R-Y) and (B-Y) demodulators are driven 
by the chrominance signal (Pin 24) and the 
reference signals from the 7.16MHz divider 
circuit. The phase angle between the two 
reference carriers is 115°. This is achieved by 
the (R-Y) demodulator receiving an additional 
phase shift by mixing the two signals from the 
divider circuit. The phase shift of 115° can be 
varied between 90° and 140° by changing the 
bias voltage at Pin 18. The demodulator 
output signals are fed to R and B matrix 
circuits and to the (G-Y) matrix to provide the 
(G-Y) signal which is applied to the G matrix. 
The demodulator circuits are killed and 
blanked by bypassing the input signals. 
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RGB Matrix and Amplifiers 

The three matrix and amplifier circuits are 
identical and only one circuit will be de- 
scribed. The luminance and the color differ- 
ence signals are added in the matrix circuit to 
obtain the color signal. Output signals are 
5Vp.p (black-white) for the following nominal 
input signals and control settings. 

@ Luminance 450mVp-.p 


@ Chrominance 550mVp.p (burst-to- 
chrominance ratio of the input 1:2, 2) 


® Contrast -3dB maximum 
® Saturation -—6dB maximum 


The maximum output voltage is approximate- 
ly 7Vp.p. 


The black level of the blue channel is com- 
pared to a variable external reference level 
(Pin 12) which provides brightness control. 
The brightness control range is 1V to 3.2V 
(see Figure 3). The control voltage is stored in 
a capacitor (connected to Pin 16) and con- 
trols the black level at the output (Pin 15) 
between 2V and 4V, via a change of the level 
of the luminance signal before matrixing. 
NOTE: 

Black levels of up to approximately 6V are possible, 
but amplitude of the output signal is reduced to 
3Vp.p. 


If the output signal surpasses the level of 9V, 
the peak white limiter circuit becomes active 
and reduces the output signal via the contrast 
control. 


Blanking of RGB Signals 

The RGB signals can be blanked via the 
sandcastle input (Pin 8). A slicing level of 
1.5V is used for this blanking function, so that 
the wide part of the sandcastle pulse is 
separated from the remainder of the pulse. 
During blanking, a level of + 2V is available at 
the output. 
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BLACK LEVEL at RGB OUTPUTS (V) 


OP17021S 
OP17031S OP17041S 


Figure 1. Contrast Control Figure 2. Saturation Control Figure 3. Brightness Control 
Voltage Range Voltage Range Voltage Range 
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Figure 5. Phase Shift Between (R-Y) 
Figure 4. Hue Control Voltage Range and (B-Y) as a Function of Vig-23 
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APPLICATION CIRCUIT FOR TDA3564 NTSC COLOR DECODER 


OUTPUT SIGNALS 
—_—_—_—_— 
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NTSC DECODER N 2500 


NOTES: 
L1=L2 wuH TOKO 7P mat. 


Controls: 
. Saturation 
. Contrast 


. Peaking 

. Brightness 
. AQ (R-Y) 
. Hue 

. Osc. freq. 
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DESCRIPTION 

The TDA3566 is a monolithic, integrated 
decoder for the PAL® and/or NTSC 
color television standards. It combines 
all functions required for the identifica- 
tion and demodulation of PAL/NTSC 
signals. Furthermore, it contains a lumi- 
nance amplifier, and an RGB matrix and 
amplifier. These amplifiers supply output 
signals up to 4Vp.p (picture information) 
enabling direct drive of the discrete out- 
put stages. The circuit also contains 
separate inputs for data insertion, ana- 
log as well as digital, which can be used 
for text display systems (e.g., Teletext/ 
broadcast antiope), channel number dis- 
play, etc. 


FEATURES 


e A black current stabilizer which 
controls the black currents of 
the three electron guns to a 
level low enough to omit the 
black level adjustment 

e Contrast control of inserted RGB 
signals 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
28-Pin Plastic DIP (SOT-117) -25°C to +70°C 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL 


PARAMETER 


TDA3566 


PAL/NTSC Decoder With RGB 


Inputs 


Product Specification 


@ No black level disturbance when 


nonsynchronized external RGB 
signals are available on the 
inputs 


e NTSC capability with hue control 


e Single-chip chroma and 
luminance processor 


e ACC with peak detector 

e DC control settings 

e External linear or digital RGB 
inputs 

e High-level RGB outputs 

e Luminance signal with clamp 

e On-chip hue control for NTSC 


APPLICATIONS 

e Video monitors and displays 
e Text display systems 

e TV receivers 

e Graphic systems 

e Video processing 


TDA3566N 


-65 to +150 


®PAL is a registered trademark of Monolithic Memories, Inc. 


February 12, 1987 


10-47 


SATURATION Bi 
CONTROL 


CONTRAST Gg 
CONTROL 
SANDCASTLE kd 
PULSE IN 


LUMINANCE 
IN L8 
INSERTION 
SwitcH L2 
BLACK LEVEL 
CLAMP CAP 
BRIGHTNESS 
CONTROL 


RED 
INSERTION 


GREEN 
INSERTION 114 


PIN CONFIGURATION 


BURST PHASE 

DET OUT 

faq] BURST PHASE 
DET OUT 


CHROMA 
23) DEMOD IN* 


CHROMA 
DEMOD IN* 
7] BLACK LEVEL 

CLAMP CAP 
5] BLACK LEVEL 

CLAMP CAP 

= LEAK CUR 
CLAMP CAP 


BLACK 
CUR INFO 


BLUE 
16) INSERTION 
5) GREEN OUT 


CD13110S 


853-1189 87586 
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BLOCK DIAGRAM 
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NOTE: 
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DC AND AC ELECTRICAL CHARACTERISTICS Vcc = V; 27 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | tye | Max | 


Luminance amplifier (Pin 8) 
pte | tmputcurent 
|__| Contrast control range (see Figure 1) = 


Chrominance amplifier (Pin 4) 


Input voltage* (peak-to-peak value) 


13.2 


= 
iy) 


Input impedance (Pin 4) 
Input capacitance 


bo. ACC control range 
PAV | Change of the burst signal at the output over the whole control range 


—s 


AV 
z 
| erwaminace to burst aot rominl satiation at Pin 25= > 


—_ 


Distortion of chrominance amplifier at Vog-27(p._p) = 2V (output) up to 


V4-27(P-P) = 1V (input) 


[| Satraton contol rerge oe Fre) 
Tig pt erent stration contol mn) 
(TF eres-covping between luminance and Gvominerce ample 


A Phase shift between burst and chrominance at nominal contrast/ 
¥ saturation 


Output impedance of chrominance amplifier 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = V; _ 27 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER 


Reference part 


UNIT 


Phase-locked loop 
catching range® 
phase shift for +400Hz deviation of fosc® 


Oscillator 
temperature coefficient of oscillator frequency® 
frequency variation when supply voltage increases from 10 to 13.2v® 
input resistance (Pin 26) 
input capacitance (Pin 26) 


ACC generation (Pin 2) 
control voltage at nominal input signal 
control voltage without chrominance input 
color-off voltage 

color-on voltage 

identification-on voltage 

change in burst amplitude with temperature 
voltage at Pin 3 at nominal input signal 


=" 
(=) 

TT 
al 


Demodulator part 


Vv Input burst signal amplitude’ (peak-to-peak value) between 
==) Pins 23 and 27 


|Zo2_27/23-27!| Input impedance between Pins 22 or 23 and 27 


= 
5 


Ratio of demodulated signals® 
(B-Y)/(R-Y) 


(G-Y)/(R-Y); no (B-Y) signal 


(G-Y)/(B-Y); no (R-Y) signal 


Frequency response between 0 and 1MHz 
Pod Cross-talk between color difference signals 4 
Phase difference between (R-Y) signal and (R-Y) reference signals 


0 
Phase difference between (R-Y) signal and (B-Y) reference signals 85 


| - co 


95 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc = V; _27 = 12V; Ta = 25°C, unless otherwise specified. 


SYMBOL PARAMETER 


RGB matrix and amplifiers 


Difference in black level between the three channels without black 
current stabilization'® 


Relative black-level variation between the three channels during 
variation of contrast, brightness, and supply voltage (+ 10%)* 


Residual 8.8MHz signal and higher harmonics at the RGB outputs 
(peak-to-peak value) 


Frequency response of total luminance and RGB amplifier circuits for 
f=0 to 5MHz 


NOTE: 


“With respect to the measuring pulses. 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = V;~27 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
jp min | tye | Max 


Signal insertion (Pins 12, 14, and 16) 
ER Fe 

16 - 27(P-P) (peak-to-peak) at nominal contrast 
fo [maumrcmeresener [T= To 
fia | Outputrisetime ts 
SO 
Thame motown SS™C~—CSSSTCSd Cd 

Data blanking (Pin 9) 
Vener | Input woage foro data meorion——SSS™S~=~—~—~‘i—SSC‘“dESC“‘C#$;*‘C( @® | 
Vener | Input wotage for deta rserton SSSSCSC~<“~*~—~é~irSWCTSSCdSSdYC 
a 
Pio _*| Delay of data biaing ——SSSCS*~“*~“~*~*“‘“‘~*S*S*~é~SC“‘“iRSC*“‘(‘}U@OCLCOw 
| Suppression of the intemal RGB signals when Ve-ar>oey «| | iTS 
Viner | Level at which the RGB barking b ecwated ——=—SC~*~“‘*idCSC‘*dSC‘aaSSCdSsSdS 
[Vr-er | Level a which the horizontal puses ae seperated ——=S=S~*~*~=C SYS] | 


Level at which burst gating and clamping pulse are separated | 65 | 70 | 75 | vi | 
http Delay between black level clamping and burst gating pulse Ff oe fs 


Input current 
-l7 at V7_07=0 to 1V 1 mA 
l7 at V7_27=1 to 8.5V 50 LA 
l7 at V7_027 = 8.5 to 12V 2 mA 


Black current stabilization (Pin 18) 


Difference between input voltage for 'black' current and leakage ) 098 | 
current 


N 
oO 


5 
Pe Input current during ‘black’ current ho | 
— 
Switching threshold for 'black' current control ON | 76 | 8 | 
[ Rie-ar | nput resistance auing scan SSCS*~<“~*‘“~*rCSC*“dtS(C‘S 
Tio, 20.21 | Input curent during scan at Pins 10,20, andar sid Sd 
ee | tt 


Maximum charge/discharge current during measuring time 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc = V;_ 27 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER 


UNIT 
|omin | Typ | Max 
NTSC 
Level at which the PAL/NTSC switch is activated (Pins 24 and 25) 


NOTES: 


1. Signal with the negative-going sync; amplitude includes sync amplitude. 

. Indicated is a signal for a color bar with 75% saturation; chrominance to burst ratio is 2.2:1. 

. Nominal contrast is specified as the maximum contrast —5dB and nominal saturation as the maximum saturation — 6dB. 

. Cross coupling is measured under the following condition: input signal nominal, contrast and saturation such that nominal output signals are obtained. 
The signals at the output at which no signal should be available must be compared with the nominal output signal at that output. 

5. The signal-to-noise ratio is defined as peak-to-peak signal with respect to RMS noise. 

6. All frequency variations are referred to 4.4MHz carrier frequency. 

7 

8 


- WP 


. These signal amplitudes are determined by the ACC circuit of the reference part. 
. The demodulators are driven by a chrominance signal of equal amplitude for the (R-Y) and the (B-Y) components. The phase of the (R-Y) 
chrominance signal equals the phase of the (R-Y) reference signal. This also applies to the (B-Y) signals. 
9. This value depends on the gain setting of the RGB output amplifiers and the drift of the picture tube guns. Higher black level values are possible 
(up to 5V), but in that application the amplitude of the output signal is reduced. 

10. The variation of the black-level during brightness control in the three different channels is directly dependent on the gain of each channel. 
Discoloration during adjustment of contrast and brightness does not occur because amplitude and the black-level change with brightness control are 
directly related. 

11. This difference occurs when the source impedance of the data signals is 15082 and the black level clamp pulse width is 4us (sandcastle pulse). For 
a lower impedance the difference will be lower. 

12. The voltage at Pins 24 and 25 can be changed by connecting the load resistors (10kQ in this application) to the slider bar of the hue control 
potentiometer (see Figure 7). When the transistor is switched on, the voltage at Pins 24 and 25 is reduced below 9V, and the circuit is switched to 
NTSC mode. The width of the burst gate is assumed to be 4us typical. 
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FUNCTIONAL DESCRIPTION 

The TDA3566 is a further development of the 

TDA3562A. It has the same pinning and 

almost the same application. The differences 

between the TDA3562A and the TDA3566 
are as follows: 

@ The NTSC application has largely been 
simplified. In the case of NTSC, the chroma 
signal is now internally coupled to the 
demodulators, ACC, and phase detectors. 
The chroma output signal (Pin 28) is 
suppressed in this case. It follows that the 
external switches and filters which are 
needed for the TDA3562A are not needed 
for the TDA3566. Furthermore, there is no 
difference between the amplitude of the 
color output signals in the PAL or NTSC 
mode. The PAL/NTSC switch and the hue 
control of the TDA3566 and the TDA3562A 
are identical. 


@ The switch-on and the switch-off behavior 
of the TDA3566 has been improved. This 
has been obtained by suppressing the 
output signals during the switch-on and 
switch-off periods. 


@ The clamp capacitors connected to the 
Pins 10, 20, and 21 can be reduced to 
100nF for the TDA3566. The clamp 
capacitors also receive a pre-bias voltage 
to avoid colored background during switch- 
on. 


@ The crystal oscillator circuit has been 
changed to prevent parasitic oscillations on 
the third overtone of the crystal. This has 
the consequence that optimal tuning 
Capacitance must be reduced to 10pF. 


Luminance Amplifier 

The luminance amplifier is voltage driven and 
requires an input signal of 450mV peak-to- 
peak (positive video). The luminance delay 
line must be connected between the IF ampli- 
fier and the decoder. The input signal is AC 
coupled to the input (Pin 8). After amplifica- 
tion, the black level at the output of the 
preamplifier is clamped to a fixed DC level by 
the black clamping circuit. During three line 
periods after vertical blanking, the luminance 
signal is blanked out and the black level 
reference voltage is inserted by a switching 
circuit. This black level reference voltage is 
controlled via Pin 11 (brightness). At the 
same time, the RGB signals are clamped. 
Noise and residual signals have no influence 
during clamping; thus, simple internal clamp- 
ing circuitry is used. 


Chrominance Amplifiers 

The chrominance amplifier has an asymmetri- 
cal input. The input signal must be AC cou- 
pled (Pin 4) and have a minimum amplitude of 
40mVp.p. The gain control stage has a con- 
trol range in excess of 30dB; the maximum 
input signal must not exceed 1.1Vp.p or 
clipping of the input signal will occur. From 
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the gain-control stage, the chrominance sig- 
nal is fed to the saturation control stage. 
Saturation is linear controlled via Pin 5. The 
control voltage range is 2 to 4V, the input 
impedance is high, and the saturation control 
range is in excess of 50dB. The burst signal is 
not affected by saturation control. The signal 
is then fed to a gated amplifier which has a 
12dB higher gain during the chrominance 
signal. As a result, the signal at the output 
(Pin 28) has a burst-to-chrominance ratio 
which is 6dB lower than that of the input 
signal when the saturation control is set at 
-6dB. The chrominance output signal is fed 
to the delay line and, after matrixing, is 
applied to the demodulator input pins (Pins 22 
and 23). These signals are fed to the burst 
phase detector. In the case of NTSC, the 
chroma signal is internally coupled to the 
demodulators, ACC, and phase detector. 


Oscillator and Identification 
Circuit 

The burst phase detector is gated with the 
narrow part of the sandcastle pulse (Pin 7). In 
the detector, the (R-Y) and (B-Y) signals are 
added to provide the composite burst signal 
again. This composite signal is compared to 
the oscillator signal divided-by-2 ((R-Y) refer- 
ence signal). The control voltage is available 
at Pins 24 and 25, and is also applied to the 
8.8MHz oscillator. The 4.4MHz signal is ob- 
tained via the divide-by-2 circuit, which gener- 
ates both the (B-Y) and (R-Y) reference 
signals and provides a 90° phase shift be- 
tween them. 


The flip-flop is driven by pulses obtained from 
the sandcastle detector. For the identification 
of the phase at PAL mode, the (R-Y) refer- 
ence signal coming from the PAL switch is 
compared to the vertical signal (R-Y) of the 
PAL delay line. This is carried out in the H/2 
detector, which is gated during burst. When 
the phase is incorrect, the flip-flop gets a 
reset from the identification circuit. When the 
phase is correct, the output voltage of the H/ 
2 detector is directly related to the burst 
amplitude so that this voltage can be used for 
the ACC. To avoid 'blooming-up' of the pic- 
ture under weak input signal conditions, the 
ACC voltage is generated by peak detection 
of the H/2 detector output signal. 


The killer and identification circuits get their 
information from a gated output signal of the 
H/2 detector. Killing is obtained via the satu- 
ration control stage and the demodulators to 
obtain good suppression. The time constant 
of the saturation control (Pin 5) provides a 
delayed switch-on after killing. 


Adjustment of the oscillator is achieved by 
variation of the burst phase detector load 
resistance between Pins 24 and 25 (see 
Figure 6). With this application, the trimmer 
capacitor in series with the 8.8MHz crystal 
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(Pin 26) can be replaced by a fixed value 
capacitor to compensate for imbalance of the 
phase detector. 


Demodulator 

The (R-Y) and (B-Y) demodulators are driven 
by the color difference signals from the delay- 
line matrix circuit and the reference signals 
from the 8.8MHz divider circuit. The (R-Y) 
reference signal is fed via the PAL-switch. 
The output signals are fed to the R and B 
matrix circuits and to the (G-Y) matrix to 
provide the (G-Y) signal which is applied to 
the G matrix. The demodulation circuits are 
killed and blanked by bypassing the input 
signals. 


NTSC Mode 

The NTSC mode is switched on when the 
voltage at the burst phase detector outputs 
(Pins 24 and 25) is adjusted below 9V. To 
ensure reliable application, the phase detec- 
tor load resistors are external. When the 
TDA3566 is used only for PAL, these two 
33kQ2 resistors must be connected to + 12V 
(see Figure 6). For PAL/NTSC application, 
the value of each resistor must be reduced to 
10k&2 and connected to the slider of a poten- 
tiometer (see Figure 7). The switching transis- 
tor brings the voltage at Pins 24 and 25 below 
9V, which switches the circuit to the NTSC 
mode. The position of the PAL flip-flop en- 
sures that the correct phase of the (R-Y) 
reference signal is supplied to the (R-Y) 
demodulator. The drive to the H/2 detector is 
now provided by the (B-Y) reference signal. 
(In the PAL mode it is driven by the (R-Y) 
reference signal.) 


Hue control is realized by changing the phase 
of the reference drive to the burst phase 
detector. This is achieved by varying the 
voltage at Pins 24 and 25 between 7.5V and 
8.5V, nominal position 8.0V. The hue control 
characteristic is shown in Figure 4. 


RGB Matrix and Amplifiers 

The three matrix and amplifier circuits are 
identical and only one circuit will be de- 
scribed. The luminance and the color differ- 
ence signals are added in the matrix circuit to 
obtain the color signal, which is then fed to 
the contrast control stage. The contrast con- 
trol voltage is supplied to Pin 6 (high-input 
impedance). The control range is +3dB to 
-17dB nominal. The relationship between the 
control voltage and the gain is linear (see 
Figure 1). 


During the 3-line period after blanking, a 
pulse is inserted at the output of the contrast 
control stage. The amplitude of this pulse is 
varied by a control voltage at Pin 11. This 
applies a variable offset to the normal black 
level, thus providing brightness control. The 
brightness control range is 1V to 3V. 
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While this offset level is present, the 'black- 
current’ input impedance (Pin 18) is high and 
the internal clamp circuit is activated. The 
clamp circuit then compares the reference 
voltage at Pin 19 with the voltage developed 
across the external resistor network Ra and 
Reg (Pin 18) which is provided by picture tube 
beam current. The output of the comparator 
is stored in capacitors connected from Pins 
10, 20, and 21 to ground, which controls the 
black level at the output. The reference 
voltage is composed by the resistor divider 
network and the leakage current of the pic- 
ture tube into this bleeder. During vertical 
blanking, this voltage is stored in the capaci- 
tor connected to Pin 19, which ensures that 
the leakage current of the CRT does not 
influence the black current measurement. 


The RGB output signals can never exceed a 
level of 10V. When the signal tends to exceed 
this level, the output signal is clipped. The 
black level at the outputs (Pins 13, 15, and 
17) will be about 3V. This level depends on 
the spread of the guns of the picture tube. If a 


Figure 3. Difference Between Black Level and Measuring 
Level at the RGB Outputs (AV) as a Function of the 
Brightness Control Input Voltage (V1 -~ 27) 
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beam current stabilizer is not used, it is 
possible to stabilize the black levels at the 
outputs, which in this application must be 
connected to the black current measuring 
input (Pin 18) via a resistor network. 


Data Insertion 

Each color amplifier has a separate input for 
data insertion. A 1Vp.p input signal provides a 
4Vp_p output signal. To avoid the 'black-level’ 
of the inserted signal differing from the black 
level of the normal video signal, the data is 
clamped to the black level of the luminance 
signal. Therefore, AC coupling is required for 
the data inputs. 


To avoid a disturbance of the blanking level 
due to the clamping circuit, the source imped- 
ance of the driver circuit must not exceed 
1502. 


The data insertion circuit is activated by the 
data blanking input (Pin 9). When the voltage 
at this pin exceeds a level of 0.9V, the RGB 
matrix circuits are switched off and the data 
amplifiers are switched on. To avoid colored 


OP18110S 


Figure 1. Contrast Control Voltage Range 
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edges, the data blanking switching time is 
short. 


The amplitude of the data output signals is 
controlled by the contrast control at Pin 6. 
The black level is equal to the video black 
level and can be varied between 2 and 4V 
(nominal condition) by the brightness control 
voltage at Pin 11. Non-synchronized data 
signals do not disturb the black level of the 
internal signals. 


Blanking of RGB and Data 
Signals 

Both the RGB and data signals can be 
blanked via the sandcastle input (Pin 7). A 
slicing level of 1.5V is used for this blanking 
function, so that the wide part of the sandcas- 
tle pulse is separated from the remainder of 
the pulse. During blanking, a level of +1V is 
available at the output. To prevent parasitic 
oscillations on the third overtone of the crys- 
tal, the optimal tuning capacitance should be 
10pF. 
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Figure 2. Saturation Control Voltage Range 
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Figure 4. Hue Control Voltage Range 
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Figure 6. Application Diagram Showing the TDA3566 for a PAL Decoder 
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Figure 7. Application Diagram Showing the TDA3566 for a PAL/NTSC Decoder 
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NOTES: 

Note to Pin 5 TDA3590: 

Vs5-—2< 1V; horizontal identification and black level clamping. 
Vs_2>11V; vertical identification and artificial black level. 
Vs—2=5 to 7V; horizontal identification and artificial black level. 


Figure 8. PAL/SECAM Application Circuit Diagram Using the TDA3590 and TDA3566 
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DESCRIPTION FEATURES PIN CONFIGURATION 

The TDA3567 is a monolithic integrated e¢ Single-chip chroma and 

decoder for the NTSC color television luminance processor ia) INTEGRATOR 
CAPACITOR 


standards. It combines all functions re- » ACC with peak detector 
quired for the demodulation of NTSC , DC control settings 
signals. Furthermore, it contains a lumi- © Hich-I 1 ROB eit 

nance amplifier, and an RGB-matrix and ‘slaialaicniiicins nia 
amplifier. These amplifiers supply output ° Luminance signal with clamp 
signals up to 5Vp.p (picture information) © Requires few external 


enabling direct drive of the discrete out- § components Sree bear 
put stages. e On-chip hue control circuit LOMOENCE Ty 


BRIGHTNESS S| 
CONTROL 


APPLICATIONS 

e Video monitors and displays 
e TV receivers 

e Video processing 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin Plastic DIP (SOT-102HE) -25°C to +65°C TDA3567N 
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BLOCK DIAGRAM 
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SATURATION}-| CONTRAST BLUE OUTPUT 
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rf P BURST KEY 
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DETECTOR a DETECTOR OSCILLATOR 


BD09651S 


| 
ih ss Operating ambient temperature range 


TA 
Thermal resistance from junction to é 
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DC AND AC ELECTRICAL CHARACTERISTICS Vcc = V; -17 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER CONDITIONS Tain | tye | UNIT 


Tveo=Viw | Swoy votes —SSCSC~=~“‘*~*~“‘“‘sSOOC“‘CSNSC#CS*SCOW@® «SD wD 
Tiee=h | Sune ourons——SSSCSCS—~—~—S*~“—~—‘—‘sSSC“‘*‘“‘“~;*rSSSC*dS ws 
Prce | Total power espaton ————SSSCSC~iSCSC“*‘“‘SCCC#*’SC*#d # [Tw 


Luminance input signal 


Vv Input voltage level before clipping occurs in the 
led input stage 


V 
a a OO 
[const convorange —=~*~=“‘*‘*dt;C* gw | a |) 
Tip rout curentconrastcontor——=SSS*dtCiParVonwr<@v | | 08 | 15 | aa 


active 
p14 | 2 [| 26 | ke 


Input resistance Ve-17 > 6V 


Peaking of luminance signal 


| 20 | | 8 
Ratio of internal/external current when Pin 13 is 
short-circuited 


Chrominance amplifier 


Input signal amplitude before clipping occurs in 14 V 
the input stage (peak-to-peak value) i 


Minimum burst signal amplitude within the ACC 
control range (peak-to-peak) 


V3 - 17(P-P) 


3 
< 


ACC control range 
Change of the burst signal at the output for the 


b 
< 


ae 

complete control range SS 

1Z3-17| Input impedance pins 
C3_17 Input capacitance 

Saturation control range 

|For Vs-17>6V__ 


Input current saturation control For Vs_17 > 6V 


Input impedance Vs5_-17 = 6V to 10V | # fj 
Input impedance when the color killer is active Pe 
Input impedance For Vs5_17 > 10V 


Tracking between luminance and chrominance Mer 1006 of contre! 
contrast 

Cross-coupling between luminance and 

chrominance amplifie 


Reference part phase-locked loop 
Catching range | #400 | +500 | | oe 


Phase shift for 400Hz deviation of the carrier 4 
frequency °9 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc = V; _ 17 = 12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER CONDITIONS Twin | typ | UNIT 
Typ | Max | 


Oscillator 


[Tose Tenporave contort of estar teawrey [ST 18 [as [rare 
[atosce | Freqveney dovaion =| aan atom | | 150 | aso | He 
a 
[Cee | Input capactance ——=SSS*~=<“~*~*é‘“rtSC~‘i SSCSdYSSCYSS*dYC 
ACC generation 

PVanr | Votage at Pin 4 nominal input sural =< SSSSCS~—‘isSC“‘( *#~«dYCSSC*dSC( 
Tver | Votiage at Pin # wihout bust input =< ~SSSSCSC~SCSC‘“‘dSV!~*Y CC 
2 
- | canoe in bist anpitide wit enamine [~~ Stat r 


Change in burst amplitude with 10% supply % /V 
voltage change 7 


Vet 17 Voltage at Pin 2 at nominal input signal 


Demodulation part 


Ratio of demodulation signals (measured at the 
various outputs)’ 
Vio- 
a (R-Y)/(B-Y); no (R-Y) signal 0.42 
V12-17 
Vio- 
bla (R-Y)/(B-Y); color bar signal 1.4 
Vi2-17 
Vii- 
st (G-Y)/(R-Y); no (B-Y) signal 
V12-17 
Vii- 
pe (G-Y)/(B-Y); no (R-Y) signal ~0.11 
ae 17 


| Frequency response response | 0 to 0.7MHz | otoo7mHz | | | -3 | | 


RGB matrix and ec - 


at nominal luminance 
input signal and 
Vi0, 11, 12-17(P-P) | Output signal amplitude? nominal contrast 4 V 
(peak-to-peak value) 
black-white 
signal (peak-to-peak 


at nominal contrast 
3.8 V 
value) 


and saturation 


control setting and 
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Output signal amplitude of the ''blue'' channel no luminance signal 


to the input (B-Y) 


V42-17(P-P) 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Voc =V;_ 147 =12V; Ta = 25°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER CONDITIONS 


UNIT 
|omin | typ | Max _ 


ee ee 
blac 
channels 
a 
[__[ aiitinoss contol votage range ——SSSS*dSSSC*~“‘“~*SC*dCSCSCt OO Rw’ 
Pe | Brghiness contatinput curent——SSd]SSSSS~SC~‘~rS~*«idSC RY 
CVT ___| Black tvel variation wih temperate «| SSSCS~CSC~C~‘“rtC S| er 
Pav | Black tvelvaaton wih convast contol | ——SCS~“SC~“‘“d;CSSC*SC 
| Relative spread botwoon the twos ouput sana] ——=S«dYSCSC*iSCC‘i(S | 


during variations of 
: ee contrast (10dB), 
AV Relative variation in black level between the brightness (+1V), and 
three channels 
supply voltage 
(+ 10%) 


Differential drift of black level over a temperature 
range of 40°C 


Blanking level at the RGB outputs 


AVp; S2 Vcc Tracking of output black levels with supply 
Vei AVocc voltage 


Signal-to-noise ratio of output signals° 


Residual 3.58MHz in RGB outputs (peak-to-peak 
VR(P-P) value) 


Vv Residual 7.1MHz and higher harmonics in the 
RP-P) RGB outputs (peak-to-peak value) 
RGB output impedance 


Frequency response of total luminance and RGB 0 to S5MHz 
amplifier circuits 


Sandcastle input 


Level at which the RGB blanking is activated 


V Level at which burst gate clamping pulses are 
Foie separated 
Delay between black level clamping and burst 
gating pulse 
I7 


Input currents 


V7-17=0 to 1V 
V7_17=1 to 8.5V 
V7_17 =8.5 to 12V 


aw 
N 
oa 


NOTES: 

1. Signal with negative-going sync; amplitude includes sync pulse amplitude. 

2. Indicated is a signal for color bar with 75% saturation, so the chrominance-to-burst ratio is 2.2:1. 

3. Nominal contrast is specified as maximum contrast -3dB and nominal saturation as maximum saturation -—10dB. 

4. Cross-coupling is measured under the following conditions: 
@ input signals nominal 
®@ contrast and saturation such that nominal output signals are obtained 
@ the signals at the output at which no signal should be available must be compared with the nominal output signal at that output. 

5. The signal-to-noise ratio is specified as peak-to-peak signal with respect to RMS noise. 

6. When this level is exceeded, the amplifier of the output signal is reduced via a discharge of the capacitor on Pin 7 (contrast control). Discharge 
current is 5.5mA. 

7. These matrixed values are found by measuring the ratio of the various output signals. The values are derived from the matrix equations given in the 
section 'FUNCTIONAL DESCRIPTION". 
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FUNCTIONAL DESCRIPTION 


Luminance Amplifier 

The luminance amplifier is voltage driven and 
requires an input signal of 450mVp.p '. The 
luminance delay line must be connected be- 
tween the IF amplifier and the decoder. The 
input signal must be AC coupled to the input 
Pin 8. 


The black level clamp circuit of the RGB 
amplifiers uses the coupling capacitor as a 
storage capacitor. After clamping, the signal 
is fed to a peaking stage. The RC network 
connected to Pin 13 is used to define the 
amount of overshoot. 


The peaking stage is followed by a contrast 
control stage. The control voltage has to be 
supplied to Pin 6. The control voltage range is 
nominally -17 to +3dB. The linear curve of 
the contrast control voltage is shown in 
Figure 1. 


Chrominance Amplifier 

The chrominance amplifier has an asymmetri- 
cal input. The input signal at Pin 3 must be AC 
coupled, and must have an amplitude of 
550mVp.p. The gain control stage has a 
control range in excess of 30dB, the maxi- 
mum input signal should not exceed 1.1Vp-p, 
otherwise clipping of the input signal will 
occur. From the gain control stage, the chro- 
minance signal is fed to the saturation and 
contrast control stages. Chrominance and 
luminance control stages are directly coupled 
to obtain good tracking. The saturation is 
linearly controlled via Pin 5. The control 
voltage range is 2V to 4V. The impedance is 
high and the saturation control range is in 
excess of 50dB. The burst signal is not 
affected by contrast or saturation control. 
After the amplification and control stages, the 
chrominance signal is internally fed to the (R- 
Y) and (B-Y) demodulators, burst phase, and 
ACC detectors. 


Oscillator and ACC Circuit 

The 3.58MHz reference oscillator operates at 
the subcarrier frequency. The crystal must be 
connected between Pin 16 and ground. The 
oscillator does not require adjustment due to 


NOTE: 


the small spreads of the IC. The free-running 
frequency of the oscillator can be checked by 
connecting the saturation control (Pin 5) to 
the positive supply line. Then the loop is 
opened so that the frequency can be mea- 
sured. The oscillator has an internal gain- 
limiting stage which controls the gain to unity, 
so that internal signals are sinusoidal. This 
prevents the generation of higher harmonics 
of the subcarrier signals. The burst signal is 
compared to a 0° reference signal by the 
burst amplitude detector, and is then ampli- 
fied and fed to a peak detector for ACC and 
to a sample-and-hold circuit which drives the 
color-killer circuit. The reference signal for the 
burst phase detector is provided by the 90° 
phase-shifted signal. An RC network is used 
to obtain the required catching range and 
noise immunity for the output voltage of the 
burst phase detector. 


The hue control is obtained by mixing oscilla- 
tor signals with a phase of 0° and 90° before 
they are fed to the (R-Y) and (B-Y) demodula- 
tors. The 90° phase-shifted signal is provided 
by a Miller integrator (biased by Pin 18). As 
the hue control is independent of the PLL, the 
control will react without time delay on the 
control voltage changes. 


Demodulator Circuits 

The demodulators are driven by the amplified 
and controlled chrominance signals; the ref- 
erence signals are obtained from the hue 
control circuit. In nominal hue control posi- 
tion, the phase angle of (R-Y) reference 
signal is 0°; the phase angle of the (B-Y) 
reference signal is 90°. 


For flesh-tone corrections, the demodulated 
(R-Y) signal is matrixed with the demodulated 
(B-Y) signal according to the following equa- 
tions: 

(R-Y)matrixed = 1.61 (R-Y)jj -—0.42 (B-Y)in 
(G-Y)matrixed = 0.43 (R-Y)jy-—0.11 (B-Y)in 


(B-Y)matrixed = (B-Y)in 


1. Signal with negative-going sync; amplitude includes sync pulse amplitude. 
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In these equations (R-Y)jj and (B-Y)j\ indi- 
cate the color difference signal amplitudes 
when the chrominance signal is demodulated 
with a phase difference between the R-Y and 
B-Y demodulator of 90° and a gain ratio B-Y/ 
R-Y = 1.78. 


RGB Matrix Circuit and 
Amplifiers 

The three matrix and amplifier circuits are 
identical. The luminance signal and the color 
difference signals are added in the matrix 
circuit to obtain the color signal. 


Output signals are 5Vp.p (black-white) for the 

following nominal input signals and control 

settings: 

@ Luminance 450mVp.p 

® Chrominance 550mVp.p (burst-to- 
chrominance ratio of the input 1:2.2) 


@ Contrast -3dB (maximum) 
@ Saturation -10dB (maximum) 


The maximum available output voltage is 
approximately 7Vp.p. The black level of the 
red channel is compared to a variable exter- 
nal reference level (Pin 9), which provides the 
brightness control. The control loop is closed 
via the luminance input. 


The luminance input is varied to control the 
black level control; therefore, the green and 
blue outputs will follow any variation of the 
red output. The output of the black control 
can be varied between 2V to 4V. The corre- 
sponding brightness control voltage is shown 
in Figure 3. 


If the output signal surpasses the level of 9V, 
the peak white limiter circuit becomes active 
and reduces the output signal via the contrast 
control. 


Blanking of RGB Signals 

A slicing level of about 1.5V is used for this 
blanking function, so that the wide part of the 
sandcastle pulse is separated from the rest of 
the pulse. During blanking, a level of +2V is 
available at the output. 
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Figure. 1. Contrast Control Voltage Range Figure 2. Saturation Control Voltage Range 
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Figure 3. Brightness Control Voltage Range Figure 4. Hue Control Voltage Range 
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Figure 5. Application Diagram 
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DESCRIPTION 


The TDA4555 and TDA4556 are mono- 

lithic, integrated, multistandard color de- 

coders for the PAL®, SECAM, NTSC 

3.58MHz and NTSC 4.43MHz standards. 

The difference between the TDA4555 

and the TDA4556 is the polarity of the 

color difference output signals (B-Y) and 

(R-Y). 

FEATURES 

Chrominance Part 

e@ Gain-controlled chrominance 
amplifier for PAL, SECAM, and 
NTSC 

e ACC rectifier circuits (PAL/NTSC, 
SECAM) 

e Burst blanking (PAL) in front of 
64us glass delay line 

e Chrominance output stage for 
driving the 64us glass delay line 
(PAL, SECAM) 

e Limiter stages for direct and 
delayed SECAM signal 

e SECAM permutator 

Demodulator Part 

e Flyback blanking incorporated in 
the two synchronous 
demodulators (PAL, NTSC) 

e PAL switch 

e Internal PAL matrix 

e Two quadrature demodulators 
with external reference-tuned 
circuits (SECAM) 

e Internal filtering of residual 
carrier 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
28-Pin Plastic DIP (SOT-117) 0 to +70°C TDA4555N 


TDA4555/56 


Multistandard Color Decoder 


Product Specification 


e De-emphasis (SECAM) 

e Insertion of reference voltages 
as achromatic value (SECAM) in 
the (B-Y) and (R-Y) color 
difference output stages 
(blanking) 

Identification Part 

e Automatic standard recognition 
by sequential inquiry 

e Delay for color-on and scanning- 
on 

e Reliable SECAM identification by 
PAL priority circuit 

e Forced switch-on of a standard 

e Four switching voltages for 
chrominance filters, traps, and 
crystals 


@ Two identification circuits for 
PAL/SECAM (H/2) and NTSC 


e PAL/SECAM flip-flop 


e SECAM identification mode 
switch (horizontal, vertical, or 
combined horizontal and vertical) 


e Crystal oscillator with divider 
stages and PLL circuitry (PAL, 
NTSC) for double color 
subcarrier frequency 


e HUE control (NTSC) 
e Service switch 


APPLICATIONS 

@ Video monitors 
e Video processing 
e TV receivers 


PAL® is a registered trademark of Monolithic Memories, Inc. 
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Multistandard Color Decoder TDA4555/56 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


Voltage range at Pins 10, 11, 17, 23, 


fie [Owen arni2 TS 
Pew | Peakvaue ——SSSCS~dC~‘“~‘sRSC*dCi CS 
Operating ambient temperature range 


DC AND AC ELECTRICAL CHARACTERISTICS Vcc = Vi3_9 = 12V; Ta = 25°C; measured in Block Diagram, unless 


otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pmin | tye | Max 


Supply (Pin 13) 


Voom Vie-0 | Swpy volage range —=SC=~“‘“‘*SCS*~“‘*‘“*~*drCSOS*SSCSC“‘CS:*@C ORV 
Fe 


Chrominance part 


Chrominance input signal (Pin 15) 
V15-9(P-P) input voltage with 75% color bar signal (peak-to-peak value) 
|Z15-9| input impedance 


Chrominance output signal (Pin 12) 


V12-9(P-P) output voltage (peak-to-peak value) 
|Z12-9| output impedance (NPN emitter-follower) 
Vio-9 DC output voltage 


Input for delayed signal (Pin 10) 
DC input current 
input resistance 


Demodulator part (PAL/NTSC) 


Color difference output signals output voltage 
(proportional to V;3_9) (peak-to-peak value) 
TDA4555 

-(R-Y) signal (Pin 1) 

-(B-Y) signal (Pin 3) 

TDA4556 

+(R-Y) signal (Pin 1) 
+(B-Y) signal (Pin 3) 


V1 -9(P-P) 1.05V +2dB 


V3 - 9(P-P) 


<< 


1.33V +2dB 


1.05V +2dB V 
1.33V +2dB V 


V4 -9(P-P) 
V3 - 9(P-P) 


Ratio of color difference output signals (R-Y)/(B-Y) 
V Residual carrier (subcarrier frequency) 
1, 3-9(P-P) (peak-to-peak value) 
Residual carrier (PAL only) (peak-to-peak value) 


V H/2 ripple at (R-Y) output (Pin 1) 
Tarr (peak-to-peak value) without input signal 


DC output voltage NPN emitter-follower with 
internal current source of 0.3mA 
output impedance 


Vi, 3-9 
IZ1, 3-9] 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = Vi3_-9 = 12V; Ta = 25°C; measured in Block 


Diagram, unless otherwise specified. 


LIMITS 


SYMBOL PARAMETER 


Demodulator part (SECAM) 


Color difference signals’ output voltage (proportional to V13~9) 
(peak-to-peak value) 


TDA4555 
Vi ~ 9(P-P) —(R-Y) signal (Pin 1) 
V3 ~ 9(P-P) ; hee (Pin 3) 


Vi -9(P-P) +(R-Y) signal (Pin 1) 
V3 ~ 9(P-P) +(B-Y) signal (Pin 3) 


Ratio of color difference output signals (R-Y)/(B-Y) 
Residual carrier (4 to 5MHz) (peak-to-peak value) 


Residual carrier (8 to 10MHz) (peak-to-peak value) 
Vv H/2 ripple at (R-Y) (B-Y) outputs (Pins 1 and 3) 
ate ill (peak-to-peak value) with fo signals 
DC output voltage : V 
AV/AT(R-Y) Shift of inserted levels relative to levels of demodulated -0.55 mvV/°C 
AV/AT(B-Y) fo frequencies (IC only) +0.25 mvV/°C 


HUE control (NTSC)/service switch 


Phase shift of reference carrier 
-¢ at Vi7-9 = 2V deg 
1) at Vi7-9 = 3V deg 
+@ at Vi7-9 = 4V deg 


Pre | rot rosntnce ———SSSCS~—~—SCSSTSSC*dC ts 


Service position 


Switching voltage (Pin 17) 
Vi7~-9 burst OFF; color ON (for oscillator adjustment) V 
Vi7~-9 Hue control OFF; color ON (for forced color ON) V 


Crystal oscillator (Pin 19) 


For double color subcarrier frequency 
Rig-9 input resistance Q 
Af lock-in-range referred to subcarrier frequency + 400 Hz 
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DC AND AC ELECTRICAL CHARACTERISTICS (Continued) Vcc = Vi3-9 = 12V; Ta = 25°C; measured in Block 


Diagram, unless otherwise specified. 


LIMITS 
ew pwn | tye [mex | 


Identification part 


Switching voltages for chrominance filters and crystals 
at Pin 28 (PAL) 
at Pin 27 (SECAM) 
at Pin 26 (NTSC 3.58MHz) 
at Pin 25 (NTSC 4.43MHz) 


Control voltage ON state 
Vos, 26, 27, 28-9 during scanning; color OFF 
V25, 26, 27, 28-9 color ON 


Voltage for forced switching ON 
PAL 
SECAM 
NTSC 3.58MHz 
NTSC 4.43MHz 


oo Oo © 
<< < < 


Delay time for 
restart of scanning 2 to 3 vertical periods 
color ON 2 to 3 vertical periods 
color OFF 0 to 1 vertical periods 


Input voltage for 
horizontal identification (H) 
vertical identification (V) 

combined (H) and (V) identification 


Sequence of standard inquiry PAL-SECAM-NTSC 3.58MHz 
NTSC 4.43MHz 
Reliable SECAM identification by PAL priority circuit 


Sandcastle pulse detector’ 


Input voltage pulse levels (Pin 24) 
to separate vertical and horizontal blanking pulses 

V24 - 9(P-P) required pulse amplitude 

Vo4-9 to separate horizontal blanking pulse 

V24 - 9(P-P) required pulse amplitude 

Vo4-9 to separate burst gating pulse 

V24 - 9(P-P) required pulse amplitude 


Input voltage during horizontal scanning 


NOTES: 

1. The signal amplitude of the color difference signals (R-Y) and (B-Y) is dependent on the characteristics of the external tuned circuits at Pins 7, 8 and 
4, 5, respectively. Adjustment of the amplitude is achieved by varying the Q-factor of these tuned circuits. The resonant frequency must be adjusted 
such that the demodulated output frequency (fo) provides the same output level as the internally inserted reference voltage (achromatic value). 

2. Value measured without influence of external circuitry. 

. Relative to phase at Vi7_9 = 3V. 

4. The sandcastle pulse is compared to three internal threshold levels, which are proportional to the supply voltage. 


ao 
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Linear Products 


In areas where TV transmissions to more 
than one color standard can be received, 
color receivers are required which can handle 
multistandard transmissions without addition- 
al manual switching. This requirement will 
greatly increase with the introduction of satel- 
lite TV. 


Such receivers have, in the past, incorporated 
a multistandard color decoder (MSD) using 
several integrated circuits to automatically 
select the standard of the received signal. 
However, the growing need for these MSDs 
makes it economically and technically desir- 
able to incorporate all the active parts in one 
IC and to reduce, as far as possible, the 
external circuitry. 


This publication describes two new single- 
chip MSDs using bipolar technology, the 
TDA4555 and TDA4556. The ICs are similar 
except for the polarity of the color difference 
signals at the output. The TDA4555 provides 
-(R-Y) and -(B-Y) signals; the TDA4556 
provides +(R-Y) and + (B-Y) signals. Only the 
TDA4555 will be described. 


Since all the active parts of the MSD are ina 
single IC, the design and layout of the printed 
circuit board is considerably simplified and 
assembly cost is reduced. The greater reli- 
ability of ''wiring on silicon'' increases the 
overall reliability of the decoder and reduction 
of external circuitry simplifies assembly. 


The ICs are universally applicable and allow 
the design of a range of TV receivers having 
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a common chassis. Automatic selection of 
the required standard has been made more 
reliable and the maximum time required for 
identification and switching is a little over half 
a second. 


When reception is difficult because signals 
are weak, noisy, or badly distorted, the auto- 
matic standard recognition (ASR) can be 
switched off and the standard chosen manu- 
ally, 


Although the ICs are capable of processing 
multistandard signals, their performance is as 
high as that for single-standard decoders. 


Figure 1 is a block diagram of a typical 
multistandard color decoder incorporating the 
TDA4555. 


The composite video input signal (CVBS) is 
fed via switchable filters to the input of the 
MSD. The filters separate the chrominance 
and luminance signals according to the stan- 
dard selected and are controlled by the ASR 
circuit within the TDA4555. 


Chrominance signals from the filters are AC 
coupled to the input of the TDA4555, which 
produces the color difference outputs that 
are, in turn, AC coupled to the Color Transient 
Improvement (CTI) TDA4565. This IC also 
contains an adjustable luminance delay-line 
(Y) formed by gyrators, so a conventional 
wirewound delay line is not needed. 


The signals are then fed to the Video Combi- 
nation IC, TDA3505, which converts the color 


difference signals —(R-Y) and —(B-Y) and the 
luminance signal (Y) into the RGB signals. 
The TDA3505 also incorporates the satura- 
tion, contrast, and brightness control circuits 
and allows for the insertion of external RGB 
signals. Finally, the processed video signals 
are applied, via the RGB output stage, to the 
picture tube. 


The new MSD can decode color TV signals 
transmitted according to the following stan- 
dards: 


1. NTSC standards with any color subcarrier 
frequency, for example: 


-NTSC-M (fo = 3.579545MHz), referred to 
as NTSC-3.5. 


— Non-standard NTSC systems, for example 
with fo = fopaL = 4.43361MHz. 
This is a de facto standard used for VCR 
signals in some European communities and 
the Middle East, and is referred to as NTSC 
4.43. As the color subcarrier frequency is 
the same as that of the normal PAL sys- 
tem, the same crystal can be used without 
switching in the reference oscillator for 
both systems. 


2. PAL standard, characterized by phase re- 
versal of the (R-Y) signal on alternate scan 
lines. The color subcarrier frequency for 
normal PAL is 4.43361875MHz. 


3. SECAM, characterized by transmission of 
the color difference signals (R-Y) and (B-Y) 
on alternate scan lines and frequency mod- 


RGB — SIGNAL INPUTS 


SWITCHING VOLTAGES 


MULTISTANDARD 


WITCHABLE 
CHROMA FILTERS 


AND 
CHROMA TRAPS 


PAL 


TDA 4555 


DECODER 


CD-TRANSIENT 
IMPROVEMENT | ~(8-Y) 
Y-GYRATOR 
DELAY LINE 
TDA 4565 


SECAM 


NTSC NTSC 4.4MHz 


February 1987 


SATURATION 
CONTRAST 


Figure 1. Block Diagram of a Color Decoder 


10-73 


DARK CURRENT 


SANDCASTLE PULSE 


BRIGHTNESS 


10 


Signetics Linear Products 


Application Note 


Single-Chip Multistandard 
Color Decoder TDA4555/TDA4556 


ulation of the color subcarriers. The fre- 
quency of the color signals may vary be- 
tween 3.900MHz and 4.756MHz. The fre- 
quencies of the color subcarriers are: 
fop = 4.250MHz for a ''blue line'' 
for = 4.40625MHz for a ''red line”. 


With these capabilities, the new decoders can 
handle most of the color TV transmissions 
used in the world. 


DESIGN CONSIDERATIONS 

To minimize the number of integrated compo- 
nents and reduce the required crystal area 
and power dissipation of the MSD, the same 
sections of the IC are used, where possible, 
for several standards. For example: 

@ the gain-controlled input stages 


@ the common switching pulse generators 


@ the PAL and NTSC quadrature 
demodulators and oscillators 


@ the PAL and SECAM delay line 


@ the common driver stage preceding the 
delay lines 


@ part of the stage following the delay 
line and the demodulator 


The number of connections are kept to a 
minimum compatible with the required func- 
tions. With the new ICs, the reference oscilla- 
tor, its filter, and the SECAM identification 
Circuit, each require only a single pin. The 
sandcastle pulse is the only external pulse 
signal. These, and other measures, allow the 
TDA4555 chip to be housed in a 28-lead 
SO-117 encapsulation, despite the many 
functions it performs. 


There are three alternative approaches to 
multi-standard color decoder design. 


1. Separate parallel-connected decoders 
for each standard with the appropriate 
output selected by switching. This is the 
principle used in the three-standard de- 
coder comprised of the TDA3510 for 
PAL, TDA3520 for SECAM, and 
TDA3570 for NTSC. The color ON/OFF 
switch voltages generated in each de- 
coder are used for automatic switching of 
the standards, and each decoder has to 
be kept at least partially activated. 


2. Asingle PAL decoder can be switched to 
handle NTSC signals. SECAM signals are 
converted into quasi-PAL signals by a 
SECAM-PAL transcoder. The PAL de- 
coder derives the color-difference signals 
from this quasi-PAL signal. An example 
of this approach is the circuit using the 
single-chip PAL decoder TDA3562A with 
NTSC option and one of the SECAM 
circuits, TDA3590, TDA3590A, or 
TDA3591._—- 


3. The methods described in 1 and 2 are 
not suited to a single-chip MSD because 
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the multiple use of circuit blocks is limit- 
ed. A much better usage can be obtained 
if the standards are scanned sequential- 
ly. In this approach, the decoder circuit, 
including the filters at the input, is 
switched to decode each standard in 
turn. The switching continues until the 
standard recognition circuit (SRC) indi- 
cates that the standard of the received 
signal corresponds to the standard of 
decoding selected at that moment. The 
scanning procedure is restarted if the 
standard of the input signal changes 
because of tuning to another transmitter 
or switching to an external signal source. 
The same thing applies if the signal 
temporarily becomes too weak or disap- 
pears. A major advantage of sequential 
standard switching is that it allows the 
complete decoder, including the external 
filters at its input, to be optimized for 
each standard. This is why the TDA4555 
and TDA4556 are designed in this man- 
ner. 


TDA4555 CIRCUIT 
DESCRIPTION 


Figure 2 is the circuit of a multistandard color 
decoder using TDA4555/TDA4556. 


Pulse Generation 

The IC only requires a single sandcastle pulse 
at Pin 24 for the generation of all internal 
pulses (e.g., burst key, horizontal, and vertical 
blanking pulses). The sandcastle pulse levels 
are > 8V for the burst key, 4.5V for horizontal 
blanking, and 2.5V for vertical blanking. 


Level detectors in the sandcastle pulse de- 
tector separate the three levels which are 
used to generate the required key pulse and 
clamp pulses. 


Standard Control Circuit 

A special System Control and Standard Scan- 
ning circuit (SCSS) provides the 4 switching 
voltages to set the MSD to the desired 
standard. 


As long as no color standard is recognized, 
the SCSS circuit switches the decoder se- 
quentially to the PAL, SECAM, NTSC-3.58 
and NTSC-4.43 standards. If the standard of 
the received signal is not recognized after 
four field periods (80ms), the next decoding 
system is activated. This time interval, also 
called the standard scanning period, is a 
good compromise between fast switch-on of 
the color, and effective interference suppres- 
sion with noisy signals. The maximum time 
between the start of scanning and switching 
on the color is 360ms, including the color 
switch-on delay of two field periods. However, 
in the TDA4555, a PAL priority circuit is 
incorporated to improve the reliability for 
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SECAM, so the scanning can last for another 
two scanning periods (520ms maximum). 


After recognition of a SECAM signal, the 
information is stored and the decoding is 
switched to PAL. A second SECAM recogni- 
tion is only provided if no PAL recognition 
occurs. This gives reliable SECAM recogni- 
tion when the SECAM-PAL transcoding at the 
source (e.g., in cable systems) is not perfect, 
or when PAL signals are distorted by reflec- 
tions so that they simulate SECAM signals. 


With b/w signals, the scanning is continuous 
and the color is kept switched off because 
there is no standard recognition. 


The switching voltage corresponding to the 
recognized standard ramps from 2.5V to 6V 
during scanning while the remaining switching 
voltages are held at 0.5V maximum. 


These 4 voltages are used to switch the filters 
at the inputs, the crystals of the reference 
oscillators, and the color subcarrier traps, and 
also to indicate the recognized standard (e.g., 
by LEDs). 


To prevent unnecessary restarting of scan- 
ning because of momentary disturbances 
(e.g., short-term interruptions of the color 
signal), the TDA4555 incorporates a delay of 
two field periods (40ms) before scanning can 
start. 


Finally, the IC allows the automatic standard 
recognition (ASR) to be switched off by forc- 
ing one of the decoding modes by applying at 
least 9V to Pin 28 for PAL; Pin 27 for SECAM; 
Pin 26 for NTSC-3.58; and Pin 25 for NTSC- 
4.43. These pins also serve as outputs for the 
internally-generated switch voltages which in- 
dicate the selected standard. 


Color Signal Control 

The MSD must provide color-difference out- 
put signals with an amplitude referred to a 
given test signal, despite amplitude variations 
(within limits) of the color input signal. This is 
required to maintain a fixed amplitude rela- 
tionship between the luminance signal (Y) 
and the color-difference signals, independent 
of different IF filters or receiver detuning. The 
TDA4555/56 incorporates an Automatic Col- 
or Control circuit (ACC) for this purpose. 


In the case of PAL and NTSC, the reference 
for the control is the burst amplitude. For 
SECAM, the complete color signal is used. 
The color signal is AC-coupled, via Pin 15, to 
a gain-controlled amplifier and the control 
voltage is obtained by in-phase synchronous 
demodulation of the burst or the color signal. 


This approach has the advantage that the 
same demodulator, having only one external 
capacitor at Pin 16, can be used for all 
standards and also results in noise reduction 
with noisy signals. Unwanted increase of 
saturation with noisy signals (color bright-up 
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effect) is prevented without an extra peak 
detector being required. 


In-phase synchronous demodulation has the 
advantage that it is independent of synchroni- 
zation and the state of the decoder, so the 
color gain can settle quickly and the color 
standard scanning period is therefore short. 
Special low-distortion symmetrical circuits 
were chosen for the gain-control stage and 
the following amplifier stage so that H/2 
components in the color-difference channel 
are reduced as far as possible during SECAM 
reception. Biasing of the color gain-control 
stage is stabilized by a DC feedback loop 
decoupled by an external capacitor at Pin 14. 


The nominal amplitude of the color input 
signal at Pin 15 is 100mVp.p for a 75% color- 
bar signal. It may vary between 10mVp_p and 
200mVp.p. This range is chosen so that, for a 
normal 1Vp.p composite video signal at the 
input to the filters, transformation is not re- 
quired. 


For PAL and NTSC decoding, the amplitude- 
controlled color signal, including its burst, is 
then fed to the SRC, reference generation, 
and burst blanking stages. The output of the 
latter stage is applied to the color signal 
demodulators and the delay-line driver stage. 


Standard Recognition Circuit 
The SRC tells the SCSS whether the activat- 
ed decoding mode is the same as that of the 
incoming signal. This task is performed using 
the signals occurring during the back porch of 
horizontal blanking. 


For SECAM, it is necessary to distinguish 
between line (H) identification signals of carri- 
er frequency at the back porch and field (V) 
identification (special lines carrying identifica- 
tion signals during the field blanking period). 


The standard recognition comprises the fol- 
lowing parts: a phase discriminator which 
compares the burst phase of PAL and NTSC 
signals with the internal reference signal, a 
frequency discriminator for generating an H/2 
signal during SECAM reception, an H/2 de- 
modulator for PAL and SECAM signals, and 
the logic circuits for the final recognition. 


The two phase discriminators for PAL and 
NTSC signals are supplied with the color 
signal, and the amplitude-controlled burst. 
The phase detector for the PAL signals uses 
the (R-Y) reference signal for the phase 
comparison; the NTSC phase detector uses 
the (B-Y) reference signal. Both reference 
signals are generated by dividing the refer- 
ence oscillator output. When the correct sig- 
nals are received, the phase discriminators 
output the demodulated burst signal for stan- 
dard recognition. 


The discriminator for generating the H/2 
signal comprises an internal phase discrimi- 
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nator and an external phase-shift circuit, 
known as the SECAM identification refer- 
ence, connected to Pin 22. 


The polarity of the PAL and SECAM phase 
discriminator output signals is reversed 
line-sequentially. With PAL, this is caused by 
a change of phase of the burst at line- 
frequency. With SECAM, it is the result of the 
color subcarrier frequency changing at line 
frequency. 


Since the signal is changing polarity, it is of no 
use for the following circuitry. Therefore, the 
discriminator output signals are fed to the 
H/2 demodulator which line-sequentially re- 
verses the signal polarity. The pulses are then 
integrated by external capacitors connected 
to Pin 21 (PAL and SECAM discriminator 
output) and to Pin 20 (NTSC phase discrimi- 
nator output). The voltages on these capaci- 
tors are the identification signals which are 
used by the comparator and logic circuits to 
derive the control signals. They are depen- 
dent on the standard of the incoming signal 
and on the activated decoding standard and 
are composed of an internal biasing at half 
the supply voltage (6V) and a contribution 
from the identification signal. In the following 
explanation, only the latter part AVoo and 
AVo2; is considered. 


a.When the decoder is set to PAL, the 
frequency of the reference signal is about 
4.43MHz. The NTSC discriminator is 
switched off and the voltage at Cao is only 
the bias voltage. The H/2 demodulator is 
therefore driven by the output of the PAL 
discriminator. The output of the SECAM 
discriminator is not used. With a PAL signal 
at the input, the H/2 demodulator delivers 
pulses with equal polarity so that capacitor 
Co; is charged to AVo, if the reference 
oscillator is correctly locked. 


With an NTSC-4.43 input signal, the H/2 
modulator provides no pulses or, in case of 
phase faults, small pulses with a line- 
sequentially changing polarity. The latter is 
caused by the constant burst phase of 
NTSC signals which is line-sequentially 
reversed by the H/2 demodulator. The 
average charge current of Co, is, therefore, 
zero, and the capacitor voltage equals the 
biasing voltage. 


When a SECAM or NTSC-3.58 signal is 
received, the difference between the burst 
and fo frequency is so large that the phase 
changes very rapidly and, as a result, the 
H/2 pulses are irregular. This causes the 
average charge current of Co; to be zero. 


b. When the decoder is set to NTSC-4.43, the 
PAL and NTSC-4.4 phase discriminator is 
activated and the SECAM frequency dis- 
criminator is switched off. The PAL phase 
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discriminator and the H/2 demodulator op- 
erate as previously described. 


With an NTSC-4.43 signal at the input, the 
output of the NTSC phase discriminator 
consists of pulses with the same polarity 
because the burst of the NTSC signal and 
the reference signal (B-Y) have the same 
phase. 


With a PAL input signal, the NTSC phase 
discriminator also outputs pulses with the 
same polarity, because the PAL burst com- 
prises a component which is stable in the 
negative (B-Y) direction for each line. Ca- 
pacitor Cop at the output of the NTSC 
phase discriminator is therefore charged by 
an NTSC-4.43, as well as a PAL, input 
signal, although the decoder is set to the 
NTSC-4.43 mode. 


With NTSC-3.58 and SECAM signals, the 
average output current of the NTSC phase 
discriminator is zero (AVop9 = 0) because 
the frequency of the burst of the carrier 
frequency does not match that of the 
reference. 


. When the decoder is set to NTSC-3.58, the 


oscillator circuit (including dividers) gener- 
ates reference signals of about 3.58MHz 
and the SECAM frequency discriminator is 
switched off. The NTSC-3.58 phase dis- 
criminator provides demodulated burst pul- 
ses with constant polarity. At the H/2 
demodulator output, no pulses, or, in case 
of phase faults, small pulses with alternat- 
ing polarity, appear as in the NTSC-4.43 
mode. 


For all other color input signals (PAL, 
SECAM, NTSC-4.43), the large difference 
between burst or carrier frequency and 
reference signal frequency prevents de- 
fined discriminator output pulses. As a 
result, the average charge currents of ca- 
pacitor Cog and Co; are zero. 


. When decoding SECAM, the H/2 demodu- 


lator obtains its signals from the SECAM 
discriminator. The output of the PAL phase 
discriminator is not used and the NTSC 
phase discriminator is switched off so no 
output signal is available (AVo9 = 0). 


For SECAM decoding, a frequency discrim- 
inator in the recognition block is active. H/2 
pulses with line-alternating polarity occur 
when the frequency of the applied signal is 
alternately higher and lower than the reso- 
nant frequency fres of the SECAM identifi- 
cation circuit. 


fres = (fog + for)/2=4.43MHz 


Therefore, the output of the H/2 demodula- 
tor is a train of equal polarity pulses charg- 
ing the capacitor Co;. For PAL, NTSC-3.58 
and NTSC-4.43 signals, the burst frequen- 
cy is constant so the output of the frequen- 
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Figure 2. Block Diagram and Peripheral Circuitry 


cy discriminator consists of unipolar pulses 
and the H/2 demodulator outputs alternat- 
ing polarity pulses. The average charge 
current of capacitor Co; is therefore zero 
(AVa, = 0). 


The TDA4555 is designed so that identifica- 
tion of SECAM signals can be performed as 
required by using the special signals in each 
field blanking period (V-identification) or the 
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burst signal at the back porch (H-identifica- 
tion), or both signals at the same time (H + V- 
ident). The required standard is selected by 
applying the appropriate voltage to Pin 23 as 
follows: 


Vag < 2V (e.g., ground), H-identification 
Vog > 10V (e.g., VsuppLy), V-identification 


Vo3 = 6V or floating, H + V-identification. 
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V-identification is more reliable than the H- 
identification because the identification sig- 
nals are longer and have a greater frequency 
deviation (Af), 3 = 3.9MHz; Af) = 4.756MHz). 
With H-identification, only the normal carrier 
signal at the end of the back porch is avail- 
able for identification. When it is required to 
transmit other information during the field- 
blanking period, several transmitters (e.g.,in 
France) stop transmitting the V-identification 
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signals. However, the TDA4555 can easily be 
adapted to such system changes. 


Table 1 summarizes the foregoing. For b/w 
signals, the average charge current is zero, 
so no standard is recognized and the scan- 
ning is continuous. 


Generation of PAL and NTSC 


Reference Signals 

For demodulation and identification of the 
quadrature amplitude-modulated PAL and 
NTSC color signals, the reference signals 
Ref(R-Y) and Ref(B-Y) are needed. These 
signals are derived from the transmitted burst 
by a PLL which comprises a voltage-con- 
trolled oscillator (VCO), a 2:1 frequency divid- 
er, and a phase discriminator. The oscillator 
frequency is twice the subcarrier frequency 
(2fo) and the circuit has the advantage that 
the two quadrature reference signals are 
available at the output of the divider. 


With PAL and NTSC, the phase discriminator 
compares the (R-Y) reference signal and the 
burst. The burst and the color signal obtained 
from the ACC stage are applied to the dis- 
criminator directly for PAL and via the hue 
control for NTSC. In the hue control block, 
the phase of the burst signal can be shifted 
+ 30° by an external voltage of between 2V 
and 4V at Pin 17. This voltage is derived from 
the supply by a simple resistor network. Pin 
17 also receives the voltage from the ''ser- 
vice" switch. If Viz is less than 1V (e.g., 
ground), the color is forced ON and the 
oscillator free runs because the burst is 
switched OFF. The oscillator frequency can 
be adjusted with the trimmers in series with 
the crystals. If V7 is greater than 6V (e.g., the 
supply voltage), the color is forced ON and 
the hue control is switched OFF. 


The phase discriminator, which provides a 
VCO control voltage which depends on the 
phase difference between burst and refer- 
ence signal, is activated by a burst key pulse. 
The control voltage is filtered by an external 
second-order, low-pass filter connected to 
Pin 18. 


The two crystals for the reference oscillator 
are both connected between Pin 19 and 
ground via a switch circuit comprising two 
transistors driven by the external standard 
switch voltages. To prevent interference, the 
oscillator is switched off during SECAM de- 
coding. 


Color Signal Demodulators 
Demodulation of the color signals is per- 
formed in the same way as in single standard 
predecessors. 


In the PAL decoding mode, the burst signal is 
removed from the color signal derived from 
the gain-controlled chroma amplifier to pre- 
vent disturbances caused by reflections in the 
glass delay-line delayed by other than a 
single line period. The color signal is applied 
to an 18dB amplifier and driver stage (emitter- 
follower) which compensate for the ''worst- 
case" loss in the external delay-line circuit. 
Color subcarrier signals CSCr.y and CSCp_y 
are separated by the delay line connected to 
Pin 12 and terminated at both input and 
output. Direct and delayed signals are 
matched by a potentiometer in the output 
termination. Phase matching can be obtained 
with coils Ls and Lg, which compensate the 
delay-line capacitances. 


The delayed signal is taken from the potenti- 
ometer slider and fed to the internal matrix via 
Pin 10, where the direct and delayed signal 
are added and subtracted to obtain the sepa- 
rated color subcarriers CSCp.y and CSCz_y. 
The matrixing is very simple because the 
demodulators have symmetrical differential 
inputs and the direct color signal is available 
in both polarities. Signals of one polarity are 
applied to one of the (B-Y) demodulator 
inputs, and signals of the other polarity to one 
of the (R-Y) demodulator inputs. The remain- 
ing input of both demodulators is supplied 
with the delayed signal. Unlike previous PAL 
decoders, the PAL switch is located just in 
front of the (R-Y) demodulator, i.e., in the 
CSCr.y signal path. 


The actual color signal demodulators are 
conventional synchronous types comprising 
an analog multiplying differential stage with a 
Current source in the emitter circuit and bal- 
anced, cross-coupled switching stages in the 
collector circuit. The latter are driven by 
reference signals Ref(R-Y) or Ref(B-Y) and 
one or both analog inputs receive the color 
signal CSCir.y) or CSCip.y). The color-differ- 
ence signals CD, obtained after demodula- 
tion, are blanked during the line blanking 
interval to provide signals with clean levels. 


For NTSC decoding, the color signal is de- 
modulated in a similar manner except that 
only the direct (undelayed) signal is used. The 
PAL switch in the CSCir.y) path is not used. 


For reception of the line sequential SECAM 
color signals, a parallel-crossover switch 
(‘‘permutator'') is required before the demod- 
ulators. This permutator alternately feeds 
both demodulators with a direct and (via the 
external delay line) a delayed color signal of 
the same subcarrier frequency. 


After the permutator, both color channels 
incorporate a limiter stage to eliminate ampli- 
tude modulation. The color signals are de- 
modulated by quadrature demodulators, each 
comprising an internal multiplier and an exter- 
nal single-tuned phase-shift circuit, known as 
the SECAM reference circuit. These refer- 
ence circuits, connected to Pins 5.6 and 7.8, 
cause a phase shift of about 90° for the 
unmodulated subcarrier frequency. Thus, for 
unmodulated subcarrier signals, there is no 
output apart from the biasing voltage. The 
SECAM reference circuits are adjusted by Lg 
and Lg so that the reference levels appear at 
the CD outputs when the subcarrier is unmod- 
ulated or when the color is switched off. 


In each color-difference channel, the demod- 
ulators are followed by internal low-pass de- 
emphasis networks which remove the un- 
wanted high-frequency components (harmon- 
ics of reference and color signals). 


The color-difference signals pass, via the 
output emitter-followers with current sources 


Table 1. Charge on Storage Capacitors Co) and C2; for Combinations of Input Signals 


and Decoding Mode 


DECODING 
MODE 


PAL 
NTSC-4.43 
NTSC-3.58 
SECAM 


NOTES: 


0* 
ae 
0 
O* 
0 average charge current I~y =0, AVo =0, Vc = /2 supply 


+ average charge current I~y > 0, AVc > 0 (assuming correct locking of the reference oscillator and proper switching of the H/2 demodulators) 
* NTSC phase discriminators switched off 
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O* 
oS 
0 
0* 


STANDARD OF THE COLOR INPUT SIGNAL 


0* 
0 
+ 

0* 
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0* 
0 
0 

O* 
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TO SYNCHRONIZATION 
CIRCUITS 


SECAM 
BELL FILTER 


3x 27nF 


Y-PAL/NTSC 


4x 2.2uF 


MONOCHROME 


NUMBERS IN PARENTHESES ARE THE CONNECTION NR. OF THE PC BOARD. 


in their emitter circuits, to Pins 1 and 3, no 
matter what decoding mode is selected. They 
have the following nominal amplitudes re- 
ferred to a 75% saturated color bar: 


V(R-Y) = 1.05Vp.p; Vip-y) = 1.33Vp-p. 


For the TDA4555, the polarity of the signals is 
negative and therefore suitable for input to 
the video combination family TDA3500 (ex- 
cept TDA3506). 


The TDA4556 is similar to the TDA4555 
except for the positive polarity of the 
TDA4556 color difference output signals. 
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Figure 3. Input Filters and Standard Switching 


Therefore, this TDA4556 can be used with 
the Video Combination TDA3506. 


APPLICATION 
CONSIDERATIONS 


Circuit Example 

Figure 2 is a tested circuit of a multistandard 
decoder. A more detailed circuit of the input 
filters is shown in Figure 3. These filters 
separate the luminance signal (Y) from the 
color signals for the four decoding modes. 
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¥-SIGNAL 


22k 
6, 7, 9, 11, 12) 


TC21520S 


The same filters can be used for PAL and 
NTSC-4.43 signals since they have a similar 
frequency spectrum. For SECAM signals, it is 
possible to use the 4.43MHz subcarrier trap 
of the PAL/NTSC-4.43 filter, but it is then 
necessary to add a trap tuned to about 
4.05MHz in the Y channel. This filter sup- 
presses the color signal components below 
about 4.2MHz, which mainly occur during the 
"blue SECAM line". 


The filter circuits for PAL and NTSC signals 
are based on a separation filter which also 
equalizes phase delay. This means that, be- 
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Table 2. Coil Data for the Multistandard Decoder of Figure 2 and Figure 3 


COIL NO INDUCTANCE 
(4H) 


NOTE: 
1. Toko America, Mt. Prospect, IL 312/297-0070 


sides separating the luminance and color 
signals, the impulse response of the lumi- 
nance channel is improved and has symmet- 
rical overshoots, giving the impression of 
better resolution on the screen. This type of 
filter is only given as an example. Simpler 
filters can also be used. The SECAM circuit 
contains the obligatory ''bell'' filter. Coil data 
for the circuit shown in Figure 3 is given in 
Table 2. 


Figure 4 shows oscillograms of the luminance 
and color filtering in the three signal paths. It 
can be seen that the color passband in the 
PAL and NTSC decoding mode has its mini- 
mum just below the color subcarrier frequen- 
cy. This means that the lower sideband of the 
color signal is mainly used and, as a result, 
the filter may have a narrower bandwidth. 
Generally, the upper sideband of the color 
signal is already attenuated by the IF filter. 
The passband of the filter in the SECAM color 
signal path has the required ''bell'' shape as 
shown in Figure 4c. 


From the low-pass characteristics of the lumi- 
nance channels, it follows that the subcarriers 
(4.483MHz for PAL/NTSC-4.43 and 3.58MHz 
for NTSC-3.58) and the unmodulated carrier 
frequency (fog =4.41MHz for SECAM) are 
strongly attenuated. Additionally, low-pass fil- 
ter (L19C29) of the SECAM luminance chan- 
nel resonates at about 4.05MHz which pro- 
vides the required attenuation of frequencies 
below 4.2MHz for modulated carriers. 


All three separation filters are fed with the 
CVBS input signal via an emitter-follower 
(transistor BC548B). Therefore, the complete 
decoder has a high input resistance and the 
filters are driven for a low impedance signal 
source. 
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> 90 
Lo/Lx 125 > 90 
Loa/Lka (4.43MHz) 


> 80 
(4.43MHz) 


119 LNS-A 4451 DY 


Depending on the decoding mode, the lumi- 
nance signal is fed from the appropriate filter, 
via the luminance delay line, to the video 
combination IC, and the color signal is fed via 
a small coupling capacitor (220pF) to input 
Pin 15 of the decoder IC. 


Emitter-followers in the color signal path pro- 
vide the required switching. There is one for 
each mode, PAL/NTSC-4.43, NTSC-3.58, 
and SECAM, feeding a common emitter- 
resistor. Three more emitter-followers in the 
luminance signal path are combined with a 
fourth which supplies the unfiltered video 
signal to the video combination IC during b/w 
reception, or while the standards are being 
scanned. The video signals are applied to the 
bases of the transistor switches via coupling 
capacitors, the switch voltages being sup- 
plied via resistor-diode networks. The fourth 
transistor switch in the luminance channel 
has fixed-base biasing of about 4.4V. 


The resistors in parallel with the SECAM 
tuned circuits determine their Q and therefore 
the conversion efficiency (dV/df) of the de- 
modulators in the SECAM mode and can be 
used to set the nominal output values of the 
CD signals (with a color bar signal). The 
switch transistors for the oscillator crystals at 
Pin 19 have their collectors connected, via 
10kQ resistors, to the supply line. Because 
they are either fully conducting or completely 
cutoff and the voltages are low (12V max.), 
the type of transistor is not critical. 


The standard control voltage outputs (Pins 25 
to 28) can deliver a current of 3mA which is 
insufficient to drive a LED to indicate the 
standard to which the circuit is set. An addi- 
tional transistor amplifier such as that shown 
in Figure 5 is therefore required. Resistor Ros 
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1 NO. OF 
2) 119 LNS-A 4449 AH Separation filter 
DA/1 — Color bandpass 
filter 
60 ; Phase delay 
60 17 


7 om 119 LN-A 3753 GO 1441 
119 LN-A 3753 GO 1441 


Decoder board 
and SECAM trap 


for fog 


PAL/NTSC trap 


Decoder board 


Bell filter 


determines the current through the LED, and 
Regs limits the maximum base current. 


lf an indication is provided for each of the 
standard switch voltages, then it is easy to 
establish which standard, if any, is recog- 
nized. When all the diodes light up in se- 
quence, the circuit is still scanning and no 
standard has been recognized. 


Alignment of the Input Filter 

The alignment of both the PAL/NTSC-4.43 
and NTSC-3.58 separation filters consists of 
three procedures for each separation filter. 


1. Alignment of the Color Bandpass 
Apply a sweep signal [f = 3.5MHz (4MHz); 
Af=+3MHz (+3MHz) to the filter input 
(PCB Pin 8). Connect an oscilloscope to 
PCB Pin 6 and make the filter output 
available at IC Pin 6 by applying an external 
switch voltage to the appropriate switch 
transistor. Adjust Lo(L2,) for maximum out- 
put at 3.45MHz (4.2MHz). 


2. Alignment of the Compensation 

Circuit 

Apply a 3.58MHz (4.43MHz) subcarrier to 
the filter input (PCB Pin 8) and adjust 
L1(L1q) so that the voltage at the Y output 
of the filter is minimum. This Y output can 
be measured at the 47022 (5602) terminat- 
ing resistor, or at PCB Pin 10, if the proper 
switch transistor is activated by an external 
switch voltage. 


3. Alignment of the Phase Delay 
Equalizer 
Apply a 16 100kHz square wave to the 
filter input (PCB Pin 8) and connect an 
oscilloscope to the output of the luminance 
filter (47082 or 560Q terminating resistor). 
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a. PAL/NTSC-4.43 (fo = 4.433MHz) 


OP19100S 


b. NTSC-3.58 (fo = 3.579MHz) 


OP19110S 


c. SECAM (fog = 4.250MHz, 
for = 4.406MHz), ''Bell'' Filter 
(fres = 4.286MHz) 


Figure 4. Amplitude-frequency 
Characteristics of Input Filter 


Alternatively, the oscilloscope can be con- 
nected to PCB Pin 10, if an external switch 
voltage is applied to the appropriate input. 
Adjust coil L3(L3q) to obtain a symmetrical 
overshoot at the leading and trailing edges 
of the pulse. 


Because the impulse response of a receiver 
also depends on the IF filter, it is recom- 
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mended that the filter be included in the test 
signal path when aligning L3/L3a. In practice, 
a square wave-modulated IF signal should be 
applied to the input of the IF circuit for this 
adjustment. 


Filter Ly 9C39 attenuates the SECAM color 
signal in the luminance channel below 
4.2MHz. Lio is adjusted so that an applied 
4.05MHz signal has minimum amplitude at 
the output of the SECAM Y-filter (terminating 
resistor 3.3kQ, or PCB Pin 10, if an external 
switch voltage is applied to the appropriate 
input). 


To align the SECAM "'bell'' filter, a SECAM 
color bar is applied to the filter input (PCB Pin 
8) and an external switch voltage (e.g., the 
supply voltage) to PCB Pin 16 to force the 
SECAM decoding mode. Lg is then adjusted 
for minimum amplitude-modulation of the fil- 
tered color signal (PCB Pin 6). 


To locate the coils to be adjusted, it is useful 
to color code them as shown in Table 2 and 
Figure 3. 


Decoder Alignment 


PAL and NTSC-4.43 Signals 

Force the PAL decoding mode by an external 
voltage exceeding 9V (e.g., the supply volt- 
age) applied to Pin 28 of the IC (or PCB Pin 
15) and apply a PAL color signal (e.g., color 
bar) to the filter input, PCB Pin 8. Connect IC 
Pin 17 to ground with the service switch. The 
color is forced ON and the oscillator is free- 
running because the PLL oscillator circuit 
does not receive the burst. 


Adjust the trimmer in series with the 8.8MHz 
crystal for minimum color rolling. Alternative- 
ly, observe the color-difference signals at IC 
output Pins 1 and 3 and minimize the beat 
frequency with the trimmer. This 8.8MHz 
oscillator adjustment is also valid for the 
decoder in NTSC-4.43 mode. 


To adjust the phase of the delay-line decoder, 
apply a PAL color bar signal to the input of 
the circuit (PCB Pin 8) with the service switch 
in its normal (middle) position. Adjust Ls and 
Lg to minimize amplitude differences of each 
color bar in the (B-Y) output signal (IC Pin 3 or 
PCB Pin 13). 


Alternatively, minimize the PAL structure 
(pairing of the lines) observed on the 
screen. If the adjustment range of Ls is too 
small, adjust Lg. 


To adjust the amplitude of the delay-line 
decoder, apply an NTSC-4.43 color bar signal 
to the input of the circuit (PCB Pin 8) and 
connect IC Pin 17 to the supply line with the 
service switch. The color is forced ON and 
the hue control is switched off. Adjust the 
22082 potentiometer connected to Pin 4 of 
the DL711 delay line for minimum amplitude 
differences of each color bar in the (R-Y) 
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Figure 5. Example of Standard 
Indicator Circuit 


output signal (IC Pin 1 or PCB Pin 14) using 
an oscilloscope, or, observing the picture- 
tube screen, minimize the PAL structure (pair- 
ing of the lines). 


Special test patterns can also be used for 
delay line adjustment. 


Finally, remove the external switching voltage 
applied to Pin 28 and put the service switch in 
the mid (normal) position. 


NTSC-3.58 Signals 

In this case, only the 7.16MHz oscillator has 
to be adjusted. Force the circuit to the NTSC- 
3.58 decoding mode by connecting IC Pin 26 
or PCB Pin 17 to the supply voltage. Apply an 
NTSC 3.58 color signal to the filter input (PCB 
Pin 8). Connect IC Pin 17 to ground with the 
service switch. The color is forced ON and 
the oscillator is free-running because the PLL 
oscillator does not receive burst signals. 


Adjust the trimmer in series with the 7.16MHz 
crystal for minimum color rolling. Alternative- 
ly, observe the CD signals at the IC output 
Pins 1 and 3 and minimize the beat frequen- 
cy. 


Finally, remove the connection between PCB 
Pin 17 and the supply voltage and put the 
service switch back to its mid position. 


Alignment for SECAM Signals 

Force the circuit in the SECAM decoding 
mode by connecting the supply voltage to IC 
Pin 27 (or PCB Pin 16). Apply a SECAM color 
bar to the filter input (PCB Pin 8). 


Connect IC Pin 23 (or PCB Pin 20) to the 
supply line to activate the H-identification. 
Connect a high-impedance (> 10MQ2) volt- 
meter between IC Pin 21 and ground. Adjust 
coil L7 for the maximum voltage at IC Pin 21. 


Observe the —(R-Y) output signal at IC Pin 1 
(PCB Pin 14) with an oscilloscope. Adjust Lg 
so that the levels of the black and white bars 
are in accordance with the level inserted 
during blanking. 


Observe the —(B-Y) output signal at IC Pin 3 
(PCB Pin 13) with an oscilloscope. Adjust Ly 
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so that the levels of the black and white bars 
are in accordance with the levels inserted 
during blanking. 

Use of the PC Board for a 
PAL-Only Decoder With the 
TDA4510 


To efficiently manufacture a family of receiv- 
ers, based on the same main PC board, the 
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TDA4555/TDA4556 can be used as a single 
standard decoder (e.g., a NTSC-only decod- 
er), but the ''pin-aligned'' TDA4570 is a 
cheaper alternative. The connections of the 
TDA4570 and those of the TDA4555 are 
shown in Figure 6. Apart from the omission of 


NTSC COLOR DECODER 
TDA4570 


Figure 6 
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many peripheral components, only small 
changes in the external circuitry are needed. 


NOTE: 

This application note, written by Klaus Juhnke and 
published as Technical Publication 169 by ELCOMA 
in 1985, has been revised and edited. 
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DESCRIPTION FEATURES 


The TDA4565 is a monolithic integrated ¢ Color transient improvement for 
circuit for color transient improvement color difference signals (R-Y) and 
(CTI) and luminance delay line in gyrator (B-Y) with transient detecting, 
technique in color television receivers. storage, and switching stages 
resulting in high transients of 
color difference output signals 


e A luminance signal path (Y) 
which substitutes the 
conventional Y-delay coil with an 
integrated Y-delay line 


e Switchable delay time from 690ns 
to 1005ns in steps of 45ns 


e Two Y output signals; one of 
180ns less delay 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin Plastic DIP (SOT-102CS) 0 to +70°C TDA4565N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


Voltage ranges to Pin 18 
(ground) 
at Pins 1, 2, 12, and 15 0 to Vcc 
at Pin 11 0 to (Voc-3V) 
at Pin 17 0 to 7 


Voltage ranges 
at Pin 7 to Pin 6 
at Pin 8 to Pin 9 


0 to 5 
Oto 5 
Currents 7 
at Pins 6, 9 15 
at Pins 7, 8, 11, and 12 


Total power dissipation 
Storage temperature range -25 to +150 


Ts Operating ambient temperature 0 to +70 
range 


NOTE: 
DC potential not published for Pins 3, 4, 5, 6, 9, 13, and 14. 


V 
V 
V 
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PIN CONFIGURATION 


DIFF CAP [4 | 


STORAGE 
CAP is 


TOP VIEW 


LUMINANCE 
IN 


76] SIGNAL GND 
(INTERNAL) 


DELAY TIME 
5) MATRIX 


45ns DELAY 
13) SWITCH 


LUMINANCE 
12] (¥) OUT 


Aa] LUM (Y) OUT, 
180ns LESS DELAY 
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DC ELECTRICAL CHARACTERISTICS Voc = Vio_18 = 12V; Ta = 25°C; measured in application circuit Figure 1, unless 


otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ Min | typ | Max 


Supply (Pin 10) 


[vec=Vio-e | Suppywotege SSSC*~=“*~*~*“‘“‘“‘~*~*~*rS~CO*C”SC‘ia’SC«SsCSSRSTV 

Piccsho | Swpyowont —SSSC~—SsSSSSCSTSC“‘(Y !SCY| | 

Color difference channels (Pins 1 and 2) 

(R-Y) input voltage (peak-to-peak value) 75% color bar signal LT 

Vane | (©) input votage(peeko-peck valu) 76% color ber signal | 
Lod 
_- 


+e) 


Input resistance 
internal bias (input) 


_ Vg V7 
Xop (B-Y), (R-Y) signal attenuation —, — 
Vi Vo 


Output voltage (DC) 


“| Output current (emitter-follower with constant-current source 
oe 0.6mA) 


(R-Y) and (B-Y) output signal transient time 


Y-signal path (Pin 17) 


Y-input voltage (composite signal) (peak-to-peak value) 
Internal bias voltage (during clamping) 


3 
> 


Input current 


147 during picture content 
-l47 during synchronizing pulse 


 . 
es 
« , _ Vat 
a a 
ae 
— 


__ Vie2 
ay Y-signal attenuation — 
V17 


Output voltage (DC) 
Output voltage (DC) 


Output current (emitter-follower with constant-current source 
Tht, 12 0.6mA) 
, Cut-off frequency’ ? 
vy Nene Ry4~1g = 1.2kQ; Vis_ig =12V; S1 open 


Adjustable delay* ° (S1 open) 
tp at Vis_ig=0 to 2.5V; Ry4_1g = 1.2kQ 630 690 
tp at Vis_ig = 3.5 to 5.5V; Ry4_18= 1.2kQ 720 780 
tp at Vis_1g =6.5 to 8.5V; Ri4_18= 1.2kQ 810 870 
tp at Vis_ig =9.5 to 12V; Ry4_48 = 1.2kQ 900 960 


= 
> 


= 
a i 
N 


Fine adjustment delay (S1 closed) at V13_18 = OV 45 


Signal delay for velocity modulation (Pin 11) Ed tp -180ns 


Thermal resistance from junction to ambient (in free air) 


NOTES: 

1. Ri4~1g influences the bandwidth. 

2. Delay time is proportional to resistor R14 _ 18. 

3. Devices with suffix ''<'' require the value of resistor Ry4_1g to be 1.1k%2, but the cut-off frequency and delay times remain as stated in these 
characteristics. 
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Product Specification 


Color Transient Improvement Circuit 


TDA4565 


FUNCTIONAL DESCRIPTION 

The IC consists of two color difference chan- 
nels (B-Y) and (R-Y) and a luminance signal 
path (Y) as shown in the Block Diagram. 


Color Difference Channels 

The (B-Y) and (R-Y) color difference channels 
consist of a buffer amplifier at the input, a 
switching stage, and an output amplifier. The 
switching stages, which are controlled by 
transient detecting stages (differentiators), 
switch to a value that has been stored at the 
beginning of the transients. The differentiat- 
ing stages get their signal direct from the 
color difference detecting signal (Pins 1 and 
2). Two parallel storage stages are incorpo- 
rated in which the color difference signals are 
stored during the transient time of the signal. 
At the end of this transient time, they are 


APPLICATION INFORMATION 


LUMINANCE 
INPUT SIGNAL 
(Y) 


(R-Y) 

rormeeenn ee, meee” 

COLOR DIFFERENCE 
INPUT SIGNALS 


(B-Y) 


NOTES: 


switched immediately (transient time of 150 
ns) to the outputs. The color difference chan- 
nels are not attenuated. 


Y-signal Path 

The Y-signal input (Pin 17) is capacitively 
coupled to an input clamping circuit. Gyrator 
delay cells provide a maximum delay of 
1005ns, including an additional delay of 45ns 
via the fine adjustment switch (S1) at Pin 13. 
Three delay cells are switched with two 
interstage switches dependent on the voltage 
at Pin 15. Thus, three switchable delay times 
of 90ns, 180ns, or 270ns less than the 
maximum delay time are available. A tuning 
compensation circuit ensures accuracy of 
delay time despite process tolerances. The Y- 
signal path has a 6.5dB attenuation as a 
normal Y-delay coil and can replace this 
completely. The output is fed to Pin 12 viaa 


buffer amplifier. An additional output stage 
provides a signal of 180ns less delay at Pin 
11. 


Table 1. Switching Sequence for 
Delay Times 


0 to 2.5V 
3.5 to 5.5V 
6.5 to 8.5V 
9.5 to 12V 


Where: 

X = connection closed; O = connection open. 
*When switch (S1) is closed, the delay time is 
increased by 45ns. 


(+12V) 


Y OUTPUT 


(tp) 


|= 


TDA4565 


(B-Y) 
OUTPUT 


1. Residual carrier reduced to 20mVp.p (R = 1k82, C = 100pF). 


2. Switching sequence for delay times shown in Table 1. 


3. Ri4- 18> 1.2kQ for TDA4565. 
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(tp — 180ns) 


(R-Y) 
OUTPUT 


AF05051S 


Figure 1. Application Diagram and Test Circuit 
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DESCRIPTION 


The TDA4570 is a monolithic, integrated 
NTSC decoder for NTSC television re- 
ceivers, which is decoder for NTSC tele- 
vision receivers, which is pin-sequence 
compatible with multistandard decoder 
TDA4555. 


It can be used in applications with 
3.58MHz subcarrier frequency as well as 
in applications with 4.43MHz subcarrier 
frequency. 


FEATURES 


Chrominance part: 

@ Gain-controlled amplifier with 
operating point control stage 
ACC (automatic chrominance 
control) with sampled rectifier 
during burst-key 

Blanking circuit for the color 
burst signal 

@ Voltage-controlled reference 
oscillator for double subcarrier 
frequency 

Divider stages which provide 
-(R-Y) and -(B-Y) reference 
signals with the correct 90° 
phase relation for the 
demodulators 

e Phase comparator, which 
compares the -(R-Y) reference 
signal with the burst pulse and 
controls the frequency and 
phase of the reference oscillator 
Hue-control stage for phase- 
shifting via the combined service 
and hue-control input Pin 11 
Identification demodulator, which 
delivers a positive-going 
identification signal for NTSC 
signals at Pin 14; also used for 
the automatic color-killer 


ORDERING INFORMATION 


TDA4570 


NTSC Color Difference 


Decoder 


Product Specification 


e Service switch with two 
functions. The first position 
(Vi4-3 < 1V) allows the 
adjustment of the reference 
oscillator; therefore, the color is 
switched on, the hue-control and 
the burst for the oscillator PLL 
is switched off. The second 
position (Vi4-3 > 5V) switches 
the color on, the hue-control is 
switched off, and the output 
signals can be observed 


Sandcastle pulse detector for 
burst gate, -line and + line 
vertical blanking pulse detection; 
the vertical part of the 
sandcastle pulse is needed for 
the internal color-on and color- 
off delay 


e Pulse processing part which shall 
prevent a premature switching on 
of the color; the color-on delay, 
two or three field periods after 
identification of the NTSC signal, 
is achieved by a counter. The 
color is switched off 
immediately, or, at the latest, 
one field period after 
disappearance of the 
identification voltage 


Demodulator part: 

e Two synchronous demodulators 
for the (B-Y) and (R-Y) signals, 
which incorporate stages for 
blanking during line- and field- 
flyback 

e Internal filtering of the residual 
carrier in the demodulated color 
difference signals 

e Color switching stages controlled 
by the pulse processing part in 
front of the output stages 


PIN CONFIGURATION 


N Package 


‘9 |] CHROMAIN 


e -(B-Y) and -(R-Y) signal output 
stages; the output stages are 
low-resistance NPN emitter- 
followers 


e Separate color switching output 


APPLICATIONS 

e Video processing 
e TV receivers 

e Graphic systems 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP (SOT-38) TDA4570N 


February 12, 1987 10-86 853-1185 87586 


L861 ‘zt Areniqey 


Z8-0l 


IC LL 22nr tor 


WORKING POINT 
STABILIZATION 


CHROMINANCE 
INPUT 

10mVp_p 

TO 400mVp_p 


o> 9 


220pF 


0.33 uF 
10 


ACC 


NOTES: 
(A) Color ON: Hue OFF. 
(B) Color ON: Hue OFF; fo adjustment. 


8 oc] 5 


E WORKING POINT 


CONTROL STAGE 


SWITCHING 
VOLTAGE 


2:1 
REF FREQ 
DIVIDER VOLTAGE- 13 
CONTROLLED 


OSCILLATOR 
DETECTOR C_] 7.16MHz 


15 3 
4, SERVICE PLL v 


SWITCH ris ’ = 


cf (6) }(c) SANDCASTLE 
INPUT PULSE 


WVHSVId 490018 


JSPOOSq SOUSISYIG JOJOD DSIN 


OLSVVAL 


SJONPOlg 10eUr] so1jeUBIS 
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Signetics Linear Products Product Specification 


NTSC Color Difference Decoder TDA4570 


ABSOLUTE MAXIMUM RATINGS 


Currents 
at Pins 1 and 2 
at Pin 16 


se 
a a eT 
a | Operating anion tonperatxe range | 01 +70 | "0 


LIMITS 
SYMBOL PARAMETER 


UNIT 
oe Typ | Max 


Cae CT eee part 


V Nominal input voltage (peak-to-peak values) 
9 - 3(P-P) with 75% color bar signal 
- Input impedance 
Input capacitance 


Oscillator and control voltage part 


hfo Oscillator frequency for subcarrier frequency of 3.58MHz 
| Ris-3 | Input resistance 


See mmews | [| 
(depending on RC network between Pins 12 and 3) 
Control voltage 
Vi4-3 without burst signal 6 
Vi4-3 color switching threshold 6.6 
Vi4-3 hysteresis of color switching 150 


< 


MHz 


to ON Color-on delay 
tp OFF Color-off delay 


Color-switching output (open NPN emitter) 
output current 

color-on voltage 
color-off voltage 


Phase shift of reference carrier relative to the 
input signal Vi;_3 = 3V 
‘is 


Phase shift of reference carrier relative to phase 
at Vi4-3=3V Viq4-3=2V 
Vi1-3 =4V 


Le Internal source (open pin) 


Vv First service position 
ae (PLL is inactive for oscillator adjustment, color ON, hue OFF) 
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NTSC Color Difference Decoder | TDA4570 


DC ELECTRICAL CHARACTERISTICS (Continued) Vcc = 12V; Ta = 25°C; measured in Figure 1, unless otherwise 


specified. 


mits 
_ a win [tye | woe | 


Demodulator part 


Color difference output signals (peak-to-peak value) 
V4 -3(P-P) -(R-Y) signal 0.84 1.05 1.32 
V2 -~3(P-P) - (B-Y) signal 1.06 1.33 1.67 
Vi-3 = 
2-3 


DC voltage at color difference outputs 
mV 
mV 


Residual carrier at color difference outputs 
(1 X subcarrier frequency) 
The sandcastle pulse is compared to three internal threshold levels, which are proportional to the supply voltage. 
Thresholds: 


(2 X subcarrier frequency) 


Sandcastle pulse detector 


Vi5-3 Field- and line-pulse separation; pulse on V 
V15 -3(P-P) Required pulse amplitude V 
Vi5-3 Line-pulse separation; pulse on V 
V15-3(P-P) Required pulse amplitude V 
Vi5-3 Burst-pulse separation; pulse on V 
V145-3(P-P) Required sei _— V 


< 


a a 


$ 
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NTSC Color Difference Decoder TDA4570 


SERVICE SWITCH 
(a) COLOR ON; HUE OFF 
(c) COLOR ON; BURST OFF 


SERVICE 
SWITCH Y 


o] ef hp 


+12V +12V 
5—27pF 
CHROMA 
INPUT 


0.33 uF 220pF 


COLOR KILLER VOLTAGE 


COLOR OFF < 0.5V 
COLOR ON 0.5xVo¢ 


TDA4570 


DC 
FEEDBACK 


—(R-Y) —(B-Y) 
1.05Vp.p 1.35Vpp 


LD07791S 


NOTE: 
Crystal frequency = 7.16MHz; resonance resistance 602; load capacitance 20pF, dynamic capacitance 22pF and static capacitance 5.5pF. 


Figure 1 
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DESCRIPTION 


The TDA4580 is a monolithic integrated 
circuit which performs video control 
functions in television receivers with a 
color difference interface. For example, 
it operates in conjunction with the multi- 
standard color decoder TDA4555. The 
required input signals are: luminance 
and negative color difference —(R-Y) and 
-(B-Y), and a 3-level sandcastle pulse 
for control purposes. Analog RGB sig- 
nals can be inserted from two sources, 
one of which has full performance ad- 
justment possibilities. RGB output sig- 
nals are available for driving the video 
output stages. This circuit provides auto- 
matic cut-off control of the picture tube. 


FEATURES 


e Capacitive coupling of the color 
difference, luminance, and RGB 
input signals with black level 
clamping 

e Two sets of analog RGB inputs 
via fast switch 1 and fast switch 
2 


e First RGB inputs and fast switch 
1 in accordance with 
peritelevision connector 
specification 

e Saturation, contrast, and 
brightness control acting on first 
RGB inputs 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
28-Pin Plastic DIP, (SOT-117) 0 to 70°C TDA4580N 
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TDA4580 


Video Control Combination 
Circuit With Automatic Cut-Off 


Control 


Product Specification 


e Brightness control acting on 
second RGB inputs 

e Equal black levels for television 
and inserted signals 

e Clamping, horizontal and vertical 
blanking, and timing of automatic 
cut-off, controlled by a 3-level 
sandcastle pulse 

e Automatic cut-off control with 
compensation for leakage current 
of the picture tube 

e Measuring pulses of cut-off 
control start immediately after 
end of vertical part of sandcastle 
pulse 

e Three selectable blanking 
intervals for PAL, SECAM, and 
NTSC/PAL-M 

e Two switch-on delays for run-in 
without discoloration 

e Adjustable peak drive limiter 

e Average beam current limiter 

e G-Y and RGB matrix coefficients 
selectable for PAL/SECAM and 
NTSC (correction for FCC 
primaries) 

e Bandwidth 10MHz (typ.) 

e Emitter-follower outputs for 
driving the RGB output stages 


APPLICATIONS 

e Video processing 
e TV receivers 

e Projection TV 
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PIN CONFIGURATION 


N Package 


TOP VIEW 
CD12030S 
DESCRIPTION 

RO Red output 

CR Red storage capacitor for cut- 
off control 

GO Green output 

CG Green storage capacitor for 
cut-off control 

BO Blue output 

Voc Positive supply voltage (+ 12V) 

CB Blue storage capacitor for cut- 
off control 

LD PAL/NTSC matrix and blanking 
time level detector input 

PDL Peak drive limiting input 

SC Sandcastle pulse input 

FSW1 Fast switch 1 for Y, CD, and 
RGB inputs 

Bi Blue input (external signal) 

G1 Green input (external signal) 

R1 Red input (external signal) 

¥ Luminance input 

SAT Saturation control input 


-(R-Y) Color difference input —(R -—Y) 
-(B-Y) Color difference input —(B -Y) 


CON Contrast control input 

BRI Brightness control input 

B2 Teletext blue input 

G2 Teletext green input 

R2 Teletext red input 

GND Ground 

BCL Average beam current limiting 
input 

CC Automatic cut-off control input 

CLC Storage capacitor for leakage 
current 

FSW2 Fast switch 2 for teletext inputs 


853-1139 87201 


10 


Z861 ‘y| Arenuer 


c6-Ol 


TELETEXT | 
PALINTSC MATRIX 1V(B/W) 
AND BLANKING TIME 
SELECTION 0/2/4/6V B2 G2 R2 
° 


BDO08101S 


WVYSVIC WOO18 


IOMUOD YO-IND SHOWOINY ULM 
HNOUID YUOYDOUIQUIOD JOJJUOD OSPlA 


O8SrVaL 
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Signetics Linear Products Product Specification 


Video Control Combination Circuit 


With Automatic Cut-Off Control TDA4580 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


Vn 24 Voltage range at Pins 2, 4, 7, 9, 12, 


13, 14, 15, 16, 17, 18, 19, 20, 21, 
22, 23, 25, 27 to Pin 24 (ground) 


Voltage ranges 


Vs, 11, 28-24| at Pins 8, 11, 28 -0.5 to Vcc 
Vio-24 at Pin 10 0 to Voct 0.7 
V26-24 at Pin 26 -0.7 to Voct 0.7 


Currents 
at Pins 1, 3, 5 (average) 
—l1, 3, 5(M) at Pins 1, 3, 5 (peak) 
149(Av) at Pin 19 (average) 5 mA 
at Pin 26 1 


26 mA 
CPror |Tot power daspaion ———~—SS*SSCS 


By Thermal resistance from junction to 37 °C /W 
ambient 


DC ELECTRICAL CHARACTERISTICS Voc = 12V; T, = 25°C; measured in a circuit similar to Figure 2 at nominal settings 
(saturation, contrast, brightness), no beam current or peak drive limiting; all voltages 
with respect to Pin 24 (ground), unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pwn | tye | Max 


Supply (Pin 6) 


Color difference inputs (Pins 17 and 18) 


-~(R-Y) input signal at Pin 17 (peak-to-peak value)! 2 


—l1, 3, 5(AV) 


: Pood 
[Vie-2up-) | ~(G-¥) input signal at Pin 18 (oakio-peak vaiwey’® |_| 
Tih, wel | Input curent during scanning CdS 
Firs | Inpuresitance Ss CC“‘“S*S*™*dSCSSC*d' 
Internal DC bias voltage during clamping time Ld 

aaa 


Luminance input (Pin 15)? 


Composite video input signal (VBS) (peak-to-peak value) 


Finsi | Input ourent dung scanning SSCP SSCdTSSSCSC*dSSCiSYS 
a 
Internal DC bias voltage during clamping time Pe ee ee 
Signal switch 1 input (Pin 11) 

[Vis-2 | input votage love for isorion of Yend OD sera «| ~—=SC=«dSSC(‘“‘S<‘'r /#~(CT OV 
Ta | Womal resstorto gona ——SS=~=“~*~*~*~*~é~‘“RSC“‘CSOO’C#*dSOC*‘“‘C;SC(‘® 
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Video Control Combination Circuit IDA4580 
With Automatic Cut-Off Control 


DC ELECTRICAL CHARACTERISTICS (Continued) Vcc = 12V; Ta = 25°C; measured in a circuit similar to Figure 2 at 
nominal settings (saturation, contrast, brightness), no beam current 
or peak drive limiting; all voltages with respect to Pin 24 (ground), 
unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | tye | Mex 


RGB1 inputs (R1 Pin 14, G1 Pin 13, B1 Pin 12) (signals controlled by saturation, contrast, and brightness)? 


Vie ta cer] Inet sonal Gack to whie vee) «TdT 
Ther saal | Imm eurent dring scarring ———SSSSSSSCS~S~‘SC“*‘“RCC#*#dC(OOSSCddYS 
Riera | mit sitance ——SSSCSC=~“~*‘“*~“‘“RSCSSC‘“SC“‘(#*OC#dSOU 
Vie 1a var] Intra OC bis votage sing camping ime ——=S«dSSSCiSCw SC 


RGB/Y, (R-Y), (B- Y) — Matrix 


Matrixed according to the equations 
ViR-y) = 0.7 VR-0.59 Vg-0.11 Vg 
Vip-y) =-0.3 VR-0.59 Vgt+0.89 Vp 
Vy) =0.3 Vat+0.59 Vgt0.11 Ve 


Contrast control input (Pin 19) (contrast control acts on Y and CD signals or RGB1 signals, respectively)? 


[| Attenuation of contrast at Vio-aa=2V (lated to maximum | | 2 | (| 8 | 
[Hie | Input curent at Vie-e=e@toV CSCS CdS OT 
Peak drive limiting input (Pin 9)* 

[Vom | inoral OC bias ota —SC=“‘“‘*SCS™*dSOC“‘#CDSSC®~C*dGC(‘“‘#SNSYNNVC 
[Re | Input resistance at Ve-w>®V TST 


oe 
[._[emesernere [= [= 
1, 2, or 3-24 > Vo-24 

Average beam current limiting input (Pin 25)° 
[vaso | Stat of contast reduction at maximum contest setina | «| 88 | «dv 
[aves-2a | Input range for tll contrast reduction S| S| tO |i 
Res | Input resistance at Vesey SSSC~dYSCC‘“‘(!' 2~=«dYSCdC 
Vises | Mavirum satwaton ST 
[Vie-2n | Nominal satwaton (68 below maimum) S| STS] 
a Attenuation of saturation at Vig_24 = 1.8V x ff fw 

(related to maximum at 100kHz) 
[Veo-21 | Gontolvotege range SSCSC~—~idSSC‘dRCSC‘“S 
[=o | Input owrent at Vans V SSC*dYSOSC~C~‘“dSCSCS*S 
Control voltage for nominal brightness a aa 
ee 


Change of black level in the control range related to the 
nominal output signal (black/white) for AVoo9_ 24 = 1V 
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Video Control Combination Circuit 


With Automatic Cut-Off Control TDA4580 


DC ELECTRICAL CHARACTERISTICS (Continued) Voc = 12V; Ta = 25°C; measured in a circuit similar to Figure 2 at 
nominal settings (saturation, contrast, brightness), no beam current 
or peak drive limiting; all voltages with respect to Pin 24 (ground), 
unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
min | tye | Mae 


Y, (R-Y), (B-Y)/RGB-Matrix® 


} | PAL matrix (Ve-24= <4.5V) 


Matrixed according to the equation 
VG -Y)= -0.51 ViR -Y) -0.1 9ViB -Y) 


NTSC matrix (Vg_04 = 2 5.5V) 


(Adaption for NTSC-FCC primaries, nominal hue control set Pf fF 
on -5°C) 


Matrixed according to the equation 
ViG- Ye = -0.43V(R yy. 1ViB -Y) 
ViR-Y) = 1.57V(R - yy — 0.41V(g - y) 

bs 
Viie-y) = V(B-y) 


RGB2 inputs (Teletext) (R2 Pin 23, G2 Pin 22, B2 Pin 21)? 


- | (RGB signals convoted by brightness contd ————SS«dSSSCidSSSCSC*idSSC“‘CSYOC*# 
Input signal for 100% output signals (black to white value) a ee a ae ae 
ee 
Fizz | Wputresiterce ——SSCSC~=<“~*‘“~*~*=‘—‘~‘“‘“SSC‘*“SCSC“‘SéSCYY CYS‘ 


Signal switch 2 input (Pin 28) 

Input voltage level for insertion of Y, 

CD signals or RGB1 signals, respectively 
Vog — 24 RGB signals from matrix? 0.4 V 
Vog - 24 RGB2 signals? 3.0 V 


Automatic cut-off control input (Pin 26) (Leakage current measuring time and insertion of RGB cut-off measuring lines — 
see Figure 3; types of ultra-black level — see Figure 1.)'° 


Allowed maximum external DC bias voltage 


AV Voltage difference between cut-off current measurement and 
a= ae leakage current measurement 


Threshold for warm-up detector 


Internal resistance during leakage current measuring time 
(current limiting at lo7 = 0.2mA) 


Charge and discharge currents rod 
Input currents of storage inputs out of control time fe 
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Video Control Combination Circuit IDA4580 
With Automatic Cut-Off Control 


DC ELECTRICAL CHARACTERISTICS (Continued) Vcc = 12V; Ta = 25°C; measured in a circuit similar to Figure 2 at 
nominal settings (saturation, contrast, brightness), no beam current 
or peak drive limiting; all voltages with respect to Pin 24 (ground), 
unless otherwise "ae 


PLIMITS 
_ ann Pwin [te [mex | 


Switch input for PAL/NTSC matrix and vertical blanking time (Pin 8)'' 


Switching voltage input for PAL matrix and vertical blanking 


period of 
Vg 24 25 lines 
Vg 24 22 lines 
Vg 24 18 lines 


wo 
an 
sh 
ANDO 
an on 
<j~< << 


a 


Sandcastle pulse detector (Pin 10)'* 


S 


The following amplitudes are required for separating the 
various pulses: 

horizontal and vertical blanking pulses 
horizontal pulses for counter logic 
clamping pulses 

delay of leading edge of clamping pulse 


<a CTT a SO SORES ae Rt Ta 
Outputs for positive RGB signals (RO Pin 1, GO Pin 3, BO Pin 5)'3 

Vis.s-m | Nominal signal amplitude @acdwte) STS ST dT 
a 
a 
Pinas | Wlomal curentsouceSSSC~=“—~*~—*~‘—*~‘“sSC“‘(Y' +i mA 
PRs | Ouputressance —SSSCS~=~“*~“~*~‘“‘~‘~*~*~*~é~sCSC‘“‘“‘“dSSSC*dCSTSC 
a 
TViss-m | Meimun ouputwitage SSSSCSC~“—*~*é~srSC“‘CSédY O~C*'YSCS(ON'C*dSCOU 


Horizontal and vertical blanking to ultra-black level 2, related 
to nominal signal black level in percentage of nominal signal 45 % 
Vertical blanking to ultra-black level 1, related to cut-off 9% 
measuring level in percentage of nominal signal amplitude . 


amplitude 
Recommendation: 


Range for cut-off measuring level 1.5 to 5.0V; 
nominal value at 3V'4 


Gain data'® 
Frequency response of Y path (0 to 8MHz) 
Pins 1, 3, and 5 to Pin 15 
Frequency response of CD path (0 to 8MHz) 
Pin 1 to Pin 17=Pin 5 to Pin 18 


Frequency response of RGB1 path (0 to 8MHz) 
Pin 1 to Pin 14=Pin 3 to Pin 13 
= Pin 5 to Pin 12 


Frequency response of RGB2 path (0 to 10MHz) 
Pin 1 to Pin 23 =Pin 3 to Pin 22 


= Pin 5 to Pin 21 
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Video Control Combination Circuit 


TDA4580 


With Automatic Cut-Off Control 


NOTES: 


fon — 


ONO 


. The value of the color difference input signals, -(B-Y) and -(R-Y), is given for saturated color bar with 75% of maximum amplitude. 

. Capacitive coupled to a low ohmic source; recommended value 60022 (maximum). 

. At Pin 19 for Vi9g_24 <2.0V, no further decrease of contrast is possible. 

. The peak drive limiting of output signals is achieved by contrast reduction. The limiting level of the output signals is equal to the voltage Vg_ 24, 


adjustable in the range 5 to 11V. After exceeding the adjusted limiting level at peak drive, limiter will not be active during the first line. 


. The average beam current limiting acts on contrast and at minimum contrast on brightness (the external contrast voltage at Pin 19 is not affected). 
. At nominal brightness the black level at the output is 0.3V (*-10% of nominal signal amplitude) below the measuring level. 

. The internal control voltage can never be more positive than 0.7V above the internal contrast voltage. 

. Matrix equation 


Virn-y) ViB-y) : output of NTSC decoder of PAL type demodulating axis and amplitudes 

ViG-y)*, Vin-y)*, Vip-y)* : for NTSC modified CD signals; equivalent to demodulation with the following axes 
and amplification factors: 

(B-Y)* demodulator axis 0° 

(R-Y)* demodulator axis 115° (PAL 90°) 

(R-Y)* amplification factor 1.97 (PAL 1.14) 

(B-Y)* amplification factor 2.03 (PAL 2.03) 


Vig-y)" = —0.27ViR - y)* — 0.22Vip _ yy". 


. During clamping time, in each channel the black level of the inserted signal is clamped on the black level of the internal signal behind the matrix 


(dependent on brightness control). 


. During warm-up time of the picture tube, the RGB outputs (Pins 1, 3, and 5) are blanked to minimum output voltage. An inserted white pulse during 


the vertical flyback is used for beam current detection. If the beam current exceeds the threshold of the warm-up detector at Pin 26, the cut-off 
current control starts operating, but the video signal is still blanked. After run-in of the cut-off current control loop, the video signal will be released. 
The first measuring pulse occurs in the first complete line after the end of the vertical part of the sandcastle pulse. The absolute minimum vertical 
part must contain 9 line-pulses. The cycle time of the counter is 63 lines. When the vertical pulse is longer than 61 lines, the IC is reset to the 
switch-on condition. In this event the video signal is blanked and the RGB outputs are blanked to minimum output voltage as during warm-up time. 
During leakage current measurement, all three channels are blanked to ultra-black level 1. With the measuring level only in the controlled channel, 
the other two channels are blanked to ultra-black level 1. The brightness control shifts both the signal black level and the ultra-black level 2. The 
brightness control is disabled from line 4 to the end of the last measuring line (see Figure 1). 

With the most adverse conditions (maximum brightness and minimum black level 2) the blanking level is located 30% of nominal signal amplitude 
below the cut-off measuring level. 


. The given blanking times are valid for the vertical part of the sandcastle pulse of 9 to 15 lines. If the vertical part is longer and the cut-off lines are 


outside the vertical blanking period of 18, 22, or 25 lines, respectively, the blanking of the signal ends with the end of the last of the three cut-off 
measuring pulses as shown in Figure 3. 


. The sandcastle pulse is compared with three internal thresholds (proportional to Voc) to separate the various pulses. The internal pulses are 


generated when the input pulse at Pin 10 exceeds the thresholds. The thresholds are for: 


@ Horizontal and vertical blanking Vio-24 = 1.5V 
® Horizontal pulse Vio-24 = 3.5V 
@ Clamping pulse Vio-24 = 7.0V 


. The outputs at Pins 1, 3, and 5 are emitter-followers with current sources and emitter protection resistors. 
. The value of the cut-off control range for the positive RGB output signals is given for a nominal output signal. If the signal amplitude is reduced, the 


cut-off range can be increased. 


. The gain data is given for a nominal setting of the contrast and saturation controls, measured without load at the RGB outputs (Pins 1, 3, and 5). 


BRIGHTNESS 


NOMINAL 
Seaserececoesccesectesoscssecoecs MAXIMUM 


=e eams aps apeamsamecams MINIMUM 2 
f 


= 
sesces® 


ULTRA-BLACK 
LEVEL 2 


CUT-OFF MEASURING 
LINE FOR GREEN SIGNAL 


ULTRA-BLACK LEVEL 1 


WF18790S 


Figure 1. Types of Ultra-Black Leveis 
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Video Control Combination Circuit IDA4580 
With Automatic Cut-Off Control 


NOTE: 
1. Capacitor value depends on circuit layout. 


Figure 2a. Part of Typical Application Circuit Diagram Using the TDA4580; Continued in Figure 2b 
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Video Control Combination Circuit 
With Automatic Cut-Off Control TDA4580 


FAST SWITCH 2 
(INTERNAL SOURCE) 
O/1V 


+12V 
eo) 


PEAK DRIVE 
LIMITING LEVEL 


SELECTION OF MATRIX 
SIGNAL INSERTION 


AND VERTICAL BLANKING = 
Ts G2 (1V) 
8V 75 (INTERNAL SOURCE) 
10nF —= 


pesca . 
B2(1V) 
SANDCASTLE —= 0 75 


PULSE 
FAST SWITCH 1 = BRIGHTNESS 
o/1V (170 3V) 
CONTRAST 
(2 TO 4V) 


cD 
SIGNALS 


ae 1.33Vpp 
SIGNAL INSERTION. ' ~(R-Y) 
1.05Vp.p 


Bie) 22nF = ay 
(EXTERNAL SOURCE) ) &107V) | 


SATURATION 
(2 TO 4V) 


R1(0.7V) 
7 DELAYED 
LUMINANCE 
0.45Vp.p 


TC19611S 


Figure 2b. Part of Typical Application Circuit Diagram Using the TDA4580; Continued from Figure 2a 
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Video Control Combination Circuit 
With Automatic Cut-Off Control TDA4580 


621 622 623 624 625 11 #12 13 14 #15 16 #17 18 18 2 21 2 23 24 2 2 27 2 


etre ie 
8-24 © 


; i 


WF18801S 


NOTES: 

1. Vertical part of sandcastle pulse starts with equalizing pulses and ends with flyback. 
. Blanking period of 25 complete lines. 

. Leakage measuring period (LM). 

. Vertical part of sandcastle pulse starts and ends with flyback. 

. Blanking period of 22 complete lines. 

. Blanking period of 18 complete lines. 

. Cut-off measuring line for red signal (MR). 

. Cut-off measuring line for green signal (MG). 

. Cut-off measuring line for blue signal (MB). 


OONOOH WP 


Figure 3. Blanking and Measuring Lines 
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Quad DAC With I@C Interface 


Product Specification 


Linear Products 


DESCRIPTION FEATURES PIN CONFIGURATION 


The TDA8442 consists of four 6-bit D/A  e 6-bit resolution 
converters and 3 output ports. This IC e 3 output ports 

was designed to provide °C control, by 6 i2C control 

replacing the potentiometers, for the 

TDA3560-series single-chip color de- APPLICATIONS 
coders. Control of the IC is performed’ e |2C interface control 
via the two-line, bidirectional I@C bus. 


N Package 


e System control 
e Switching 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP (SOT-38) -20°C to +70°C TDA8442N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Supply voltage range (Pin 9) -0.3 to +13.2 


Input/output voltage ranges 
(Pin 4) -0.3 to +13.2 
(Pin 5) -0.3 to +13.2 


TOP VIEW 


CD12850S 
PIN NO. SYMBOL DESCRIPTION 
DAC1 Analog output 1 
DAC2 = Analog output 2 
DAC3 = Analog output 3 
Serial data line 2 
Serial clock line } PC bus 
Port 2 NPN collector output 
with internal pull-up resistor 
Not connected 
Supply return (ground) 
Positive supply voltage 
Not connected 


Oarhan — 


(Pin 6) -0.3 to Voc! Port 1 open NPN emitter 
(Pin 12) -0.3 to Voc! output 
(Pin 11) -0.3 to Vcc! “ehypiatiiot area 
« ot connecte 
(Pins 1 to 3 and Pin 16) -0.3 to Voc! Not connected 


Not connected 
Analog output 0 


= 


Operating ambient temperature range -20 to +70 
Storage temperature range -65 to +150 


NOTE: 
1. Pin voltage may exceed Vcc if the current in that pin is limited to 10mA. 
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Quad DAC With I?C Interface TDA8442 


BLOCK DIAGRAM 


DIGITAL-TO-ANALOG POWER-DOWN OUTPUT PORT 
CONVERTER 
DACO DETECTOR 


DIGITAL-TO-ANALOG 
CONVERTER 
DAC1 


DIGITAL-TO-ANALOG 


CONVERTER 
DAC3 


P2 
CONVERTER il taal 
DAC2 
12C BUS 
SLAVE 
DIGITAL-TO-ANALOG RECEIVER fstenevcisen 
Pi 
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Quad DAC With IC Interface TDA8442 


DC AND AC ELECTRICAL CHARACTERISTICS T, = +25°C; Voc = 12V, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | tye | Max 


Supplies 


‘Sopies SSCS~=~“*~S*~“S*S*SC“S~sSSSSS 
Veo Swopyvotage hn) —=S~=~=“‘*‘“‘*S*“‘*‘“*~*diSCSC‘dtSC“C(ié RSC 
oo | Spy curents ro ous oases) Pm) ———SSCS~—SCSC‘“‘“‘idCS*C 
HC bus inputs SDA Pn) masCL PHS) SSCSCSCS~“~SCSSSS 


I27C bus inputs SDA (Pin 4) and SCL (Pin 5) 


Vin | tpt votese Hon? SSCS™~—sSS SSCS PO 
vn | put votage tow SSCSC~—~—sSCS~S ws] 
a 
Sr 
Yo. | Ouiput votage tow atin=30maSSSCSC~iSCSC“‘“‘C‘drCC._ CCC 
ioe | Maximum ouput sk owes SSSC~sSC“‘CSYL 3~—~«iL Cd OA 
Ports P2 and P2N (Pins 6 and 12) (NPN collector output with pull-up resistor to Vcc) 

Ro | Wtemal pulp resitoroVec dT ST TTC 
vo. | Ouputvotage tow atin=anaSC«dTSCC“C*‘iRSSC‘#éSéSY | 
ic | Maximum output sink wrent—SSSCS~*~<“—~é~“SSSdYS CdS 
ion | Output curent High at 0<Vo<Voo-tsvSSSSC*dSCSCYSSSCdSSCSSCSC*dSC A 
ice | Our leakage curent at 0<Vo<Vow SSC«dSSCdYCSSCCOO 
Vounx | Maximum ouput votage (unesced® SCT SCdTSCSC‘dYSCCCS 
Youn | Minimum ouput votage (oadod® «dS 
TVouse | Postive vaue of smatest stop? (186) 
[Deviation tom incarty 
ane 

a 

pe 


ae 

Maximum output sink current i 
a 
P| Deviation tom tneaty 
| =lon 


Maximum output source current 


Maximum output sink current 
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Quad DAC With I@C Interface TDA8442 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) T, =+25°C; Vcc = 12V, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
min | tye | Max | 


Output DAC2 (Pin 2) 


[Vous | Maximum ouput votage (nase? ———=SSS~=~—“‘idCSCSSCdSCSC“‘“R™SOO#dSCOSC 
Youn | Minimum ouput voage inieaea? ————SSSSCSC~dSCSC*‘dSC“‘<C@™SOSC*dSC 
TVouss | Postve vabe of aalest sep? (11S) ——SSCS~Ci 
(| Deviston tom nearly 
[Z| Output mpedance at =2<ig<#@maSSC*dYS 

[ion | Masi ouput source curet——SSSCS~CSC<i 

Pio. | Maximum ouput snk coment ——SSSCSCS~C=SCiT 


; 
, 


Output DAC3 (Pin 3) 


2 

2 

Maximum output voltage (unloaded)? 10 
Minimum output voltage (unloaded)? ae 
Positive value of smallest step? (1 LSB) ie 
Deviation from linearity a 
| 2 
| 2 


Output impedance at -2<I9<+2mA Lo 


Maximum output source current 


Oo 


lot Maximum output sink current 


Power-down reset 


Maximum value of Vcc at which power-down reset is active 


Rise time of Vcc during power-on (Vcc rising from OV to Vcocp) 


NOTES: 
1. If Voco < 1V, the input current is limited to 10uA at input voltages up to 13.2V. 
2. Values are proportional to Vcc. 
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Product Specification 


Quad DAC With I2C Interface 


TDA8442 


FUNCTIONAL DESCRIPTION 


Control 

Analog control is facilitated by four 6-bit 
digital-to-analog converters (DACO to DAC3). 
The values of the output voltages from the 
DACs are set via the |?C bus. 


The high-current output port (P1) is suitable 
for switching between internal and external 
RGB signals. It is an open NPN emitter output 
capable of sourcing 14mA (minimum). 


The two output ports (P2 and P2N) can be 
used for NTSC/PAL switching. These are 
NPN collector outputs with internal pull-up 
resistors of 10kQ2 (typical). Both outputs are 
capable of sinking up to 2mA with a voltage 
drop of less than 400mV. If one output is 
programmed to be Low, the other output will 
be High, and vice versa. 


MODULE ADDRESS 


Reset 

The power-down reset mode occurs whenev- 
er the positive supply voltage falls below 8.5V 
(typical) and resets all registers to a defined 
state. 


OPERATION 


Write 

The TDA8442 is controlled via the IC bus. 
Programming of the TDA8442 is performed 
using the format shown in Figure 1. 


Acknowledge (A) is generated by the 
TDA8442 only when a valid address is re- 
ceived and the device is not in the power- 
down reset mode (Vcc > 8.5V (typ)). 


Control 
Control is implemented by the instruction 
bytes POD (port output data) and DACX 


INSTRUCTION BYTE 


a — 


Figure 1. TDA8442 Programming Format 


INSTRUCTION BYTE 
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Figure 2. Control Programming 
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(digital-to-analog converter control), and the 
corresponding data/control bytes (see Figure 
2). 


POD Bit P1 — If a '1' is programmed, the P1 
output is forced High. If a '0' is programmed, 
or after a power-down reset, the P1 output is 
Low (high-impedance state). 


POD Bit P2/P2N — If a '1' is programmed, 
the P2 output goes High and the P2N output 
goes Low. If a '0' is programmed, and after a 
power-down reset, the P2 output is Low and 
the P2N output is High. 


DAX Bits AX5 to AXO — The digital-to- 
analog converter selected corresponds to the 
decimal equivalent of the two bits X1 and XO. 
The output voltage of the selected DAC is 
programmed using Bits AX5 to AX0, the 
lowest value being all AX5 to AX0 data at '0', 
or when power-down reset has been activat- 
ed. 


DATA/CONTROL BYTE 


DATA/CONTROL BYTE 
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Quad DAC With I@C Interface TDA8442 


I2C BUS TIMING 
Bus loading conditions: 4kQ pull-up resistor to +5V; 200pF capacitor to GND. 
All values are referred to Vij4=3V and Vi. = 1.5V. 


PMTs 
SYMBOL PARAMETER UNIT 
ee ae 


| teur | Bus free before stat sid free before start 


| 
= a an A SON ne 
to. ora | Stat condion home ——SSSSCS~C“~‘“~*~*~“‘“dtSSSSdd 
A 


Rise time SCL, SDA 
Fall time SCL, SDA 


Acknowledge (from TDA8442) hold time 


tsu, tsto Stop condition setup time 


SDA 
(WRITE) 


ts (sta) ty (STA) tLow ts (sto) 
WF18781S 


NOTE: 
Reference levels are 10 and 90%. 


Figure 3. I2C Bus Timing, TDA8442 


February 12, 1987 10-106 


signeftics 


Linear Products 


DESCRIPTION 


The TDA8443/8443A is intended to be 
used in color TV sets which have more 
than one base-band video source. The 
IC has two sets of inputs. The first 
(Inputs 1) is intended for the internal 
video signals (R-Y), Y, (B-Y), and the 
associated synchronization pulse com- 
ing from the color decoder; the second 
(Inputs 2) is intended for external video 
signals R, G, B, and the associated 
synchronization pulse coming from the 
accessory inputs. The latter ones (Inputs 
2) can also consist of the video signals 
(R-Y), Y, (B-Y), and the associated syn- 
chronization pulse. The RGB signals at 
Inputs 2 can also be matrixed internally 
into the luminance signal Y and the 
color-difference signals (R-Y) and (B-Y) 
before they become available at the 
outputs. By means of I°C bus mode or 
manual control (control by DC voltages), 
one of these inputs can be selected and 
will be available at the outputs. The IC 
contains three pins for programming the 
sub-address; this means that within one 
TV set the system can be expanded up 
to seven ICs. The TDA8443 is designed 
to be used with the CCTV levels, while 
the TDA8443A is designed to be used 
for the standard decoder signal levels. 


ORDERING INFORMATION 
DESCRIPTION 


24-Pin Plastic DIP (SOT-101) 


other pins 


TDA8443, TDA8443A 
RGB/YUV Switch 


Preliminary Specification 


FEATURES 

e Two RGB/YUV selectable 
clamped inputs with associated 
sync 

e An RGB/YUV matrix 


e 3-State switching with an OFF 
state 

e Four amplifiers with selectable 
gain 

e Fast switching to allow for mixed 
mode 


e |12C or non-I2C mode (control by 
DC voltages) 


e Slave receiver in the I2C mode 

e External OFF command 

e System expansion possible up to 
7 devices 

APPLICATIONS 

e TV receivers 

e Video switching 


TEMPERATURE RANGE ORDER CODE 
0 to +70°C TDA8443N 
0 to +70°C TDA8443AN 


RATING UNIT 


-65 to +150 °C 


-0.3 to 14 
-0.3 to 14 
-0.3 to Voct 0.3 


Maximum output current 


February 1987 
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PIN CONFIGURATION 


N Package 


SYNCIN (I) [2 | 


RGB/YUV IN (il) | 4. 
RGB/YUV IN (If) | 5 | 
RGB/YUVIN (if) | 6 | 


Signetics Linear Products Preliminary Specification 


RGB/YUV Switch TDA8443, TDA8443A 


BLOCK DIAGRAM 


i2c BUS 
INTERFACE/DECODER 


~(R- ' 


INPUTS 1 FROM INPUTS 2 FROM 
COLOR DECODER ACCESSORY INPUT 
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RGB/YUV Switch TDA8443, TDA8443A 


DC ELECTRICAL CHARACTERISTICS T, = 25°C and Vcc = 12V, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pwn | tye | Max 


Tie | Sopp ewer SSS tor 
| Absolute gun iternce wih respect © poganmedvave [| 0 [0 | % 
| rave oan iterence betwoon any 2 channels of ne it | | 0 | 5 | * 
in [iow curent——SSSSCSC*dSCSC‘“‘“rtCSOS*dYSC 
Zour | Oupit mpesancs ——SCSC~=~“‘“~*~*“‘“‘*dCSC“‘“;CSO:~=*=CmSdSC 
[298 vance (nose Der) SSSCSC~“~S~‘SSCSC‘idSCt YS 


3dB bandwidth mode 1 


|| 8B bandwidth mode tT te 
[ences sereesemes [Tw [= = 
connected together 
| Maximum output anpitude of YUV snes «||| de 
| Gross betwoon inputs of same souce, at awe’ | | | | 
(| eresstak between aferent sources | SYS 
[isolation (OFF state) time SCdYCT 8 


Differential gain at nominal output signals: 
R-Y = 1.05Vp.p 
B-Y = 1.33Vp_p 


a Supply voltage rejection? 
|. | DC level of outputs during clamp 


[| Gain difference with respect to programmed value 
3dB bandwidth 


Input amplitude of sync pulse for proper operation of clamp 
pulse generator 


a | 
[Te toa on tore pao at capt ter te ee 
127C bus inputs/outputs 

|| Soa input (Pints) ee 
|| Schinput Pint) as 
| Min | Input voltage High CE 
| Yu___| Input voltage low | 
pti | Input current High Tt 
a 
Lod a a ae: 
a a ee 
a 
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RGB/YUV Switch TDA8443, TDA8443A 


DC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C and Voc = 12V, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | tye | Max 


Sub-address inputs SO (Pin 15), S1 (Pin 16), S2 (Pin 17) 


Fast switching pin 


Input voltage High 


< 


V Vcc 
V 


o 
ph 
: 


, 


IH 
IL 

NH 

Ne 


4 
188) 
Tm 
: 


SEL pin 
Vi-7 


7 Input voltage Low 


{ Input current High 


= |= 
| 


Input current Low 


ie) 
! 


7 Input voltage High 


9-7 Input voltage Low 


Input current High 


Input current Low 


NOTES: 
1. Crosstalk is defined as the ratio between the output signal originating from another input and the nominal output signal on the same output. 
Vop-p 


2. S/N = 2009 ——————————————’ 
Vo noise RMS B = 5MHz 


Va supply 


3. Supply voltage rejection = 20log ——————— 
Vr on output 


4. Fast switching input signal 


Output signal: YUV 

Input : OV input 1, mode 2 a rae Soe 
0.75V RGB input 2, mode 1 | | | 

| 50% if 20% 

. | 

| 

>< SWITCHING TIME ————————_>}|"_ +} 
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Preliminary Specification 


RGB/YUV Switch 


TDA8443, TDA8443A 


FUNCTIONAL DESCRIPTION 

The circuit contains two sets of inputs: input 1 
from the color decoder (color difference sig- 
nals), and input 2 from the accessory input, 
RGB, or possibly YUV, both with associated 
synchronization inputs. 


12 BUS MODE 
The protocol for the TDA8443 for I?C bus 
mode is: 


In the RGB mode, the signals are matrixed 
internally to color difference signals for fur- 
ther processing in a control circuit (e.g., 
TDA8461). 


The inputs are clamped, thus the clamp pulse 
is internally derived from the sync signals. 
The outputs can be made high-ohmic (OFF) 


in order to be able to put several circuits in 
parallel. 


Control 

The circuit can be controlled by an I?C bus or 
directly by DC voltages. The fast switching 
input can be operated by Pin 16 of the 
accessory input. 


[aa] aw [Ac | 07 [06 | 06 


STA Start condition AC : Acknowledge, generated by the TDA8443 
A6 : 4 D7 : MOD1 ; 

AS: 4 fixed address bits Dé: MODO | ieee erie aes See Ue 
A4 : O D5 : G2 

A3 : 1 D4 . ey gain control bits, see Table 4 

A2 : Sub-address bit set by S2 D3 : GO 

A1 : Sub-address bit set by S1 D2 : PRIOR, priority bit 

AO : Sub-address bit set by SO D1 : ON/OFF bit 

R/W Read/Write bit (=0 only write mode allowed) DO : ON/OFF active bit 


Table 1. Sub-Addressing 


SLAVE ADDRESS BITS 
A2 


NOTE: 
Non-I?C bus operation, see Table 5. 


Table 2. Mode Control 


ADDRESS SELECT PINS 
S2 S1 So 


Inputs 2 are selected directly 


Inputs 2 are selected via RGB/YUV matrix 


Inputs 1 are selected directly 


Reserved; not to be used 


As set by mode control (Table 2) 
Mode 2 
Mode 1 if mode 1 is selected 

Mode 0 if mode O or 2 is selected 
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RGB/YUV: Switch TDA8443, TDA8443A 


Table 4. Gain Settings (see Block Diagram) 


TDA8443/C3 TDA8443A/C3 
~ 


NOTES: 
Matrix equations: relations between output and input signals of the matrix 
Y =0.3R + 0.59V + 0.11B 
R-Y = 0.7R-0.59V -0.11B 
B-Y = -0.3R - 0.59V+ 0.89B 


ON BIT 
FUNCTION 


0 OFF, no output signal, outputs high-ohmic 
1 ON, normal functioning 
OFFACT-ON (Pin 9) Function 


Vorract [on | —~=SCSANGTIONNG 


0 L OFF 

0 H In accordance with last defined D7-D1 (may be entered 
while OFF = L) 

1 X In accordance with last defined D7 -D1 
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RGB/YUV Switch TDA8443, TDA8443A 


POWER-ON RESET 
When the circuit is switched on in the I?C 
mode, bits DO-D7 are set to zero. 


Table 5. Non-I7C Bus Mode (S2 = S1 = SO = 0) 


CONTROL GAIN SETTINGS 
MODE 


SCL SEL BY FS 
Ta [ mee [ee | ne | 

L L bs 1 1 

L L H 1 

L H L. 

bs H H 

H L L 

H L H 

H H L 

H H H 


Fast Switching Input 


MODE SELECTED 


Mode 2 
Mode 0 or 1 as set by control 
ON Input 


i OFF, no output signal, outputs high-ohmic 
H Functioning as determined in Table 5 
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RGB/YUV Switch TDA8443, TDA8443A 


I2¢ BUS LOAD CONDITIONS 
4kQ pull-up resistor to +5V; 200pF capacitor to GND. 


All values are referred to Vjy=3V and Vi = 1.5V. 


SYMBOL PARAMETER 


Min 
| tac | SCL High period | 
pte et 
Bet ae 
it 
et 
aa 
a 


RATING 


a 


NOTE: 
Timings tsy, tpat and typ, tpat deviate from the I?C bus specification. 
After reset has been activated, transmission may only be started after 50us delay. 


to tsta 
tLow tsi» toar 


tuo: toat 
tsu: tsta 


tsu: tsto 


WF20070S 


Figure 1. IC Timing Diagram 
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RGB/YUV Switch TDA8443, TDA8443A 


Table 6. Application Information 


5 Oe ee 


YUV/S YUV/S 
0.34/-1.33/-1.05/0.3 0.34/-1.33/-1.05/0.6 
RGB/S 
0.75/0.75/0.75/0.3 


YUV/S 

0.34/-1.33/-1.05/0.3 YUV/S 
RGB/S 0.68/—2.66/-2.1/0.6 

0.75/0.75/0.75/0.3 


YUV/S YUV/S 
0.34/-1.33/-1.05/0.3 0.34/-1.33/-1.05/0.6 
YUV/S 
0.34/-1.43/-1.05/0.3 


YUV/S 
0.34/-1.33/-1.05/0.3 


YUV/S 
0.68/-2.66/-2.1/0.6 


YUV/S 
0.34/-1.33/-1.05/0.3 


OUTPUTS 


Veo +BY) vy ~{R-Y) 


} 


! 


B-Y R-Y SYNC 


90 110 130 150 170 190 
INPUT 1 FROM 
COLOR DECODER 80 1:00 120 140 140 180 20 


INPUT 2 
ACCESSORY INPUT 


LD07801S 


Figure 2. Application of the TDA8443 
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PAL/NTSC Color Encoder 


Objective Specification 


Linear Products 


DESCRIPTION FEATURES PIN CONFIGURATION 

The TEA2000 is a monolithic integrated e European PAL® and American N Package 

circuit, which encodes color information NTSC/M standard selectable 

and provides composite video output for Internal generation of burst wmaariy a rT 18] ey IN 
driving a VHF or UHF modulator. timing and PAL switch function 


e 6-bit binary TTL-compatible input 
provides 64 different colors 

e TTL-compatible color blanking 
input 

e TTL-compatible sync input 


DELAY LINE U2 
APPLICATIONS LUMAIN FROM [7 
e Video processing 
e Graphics 


TOP VIEW 


e Computers 
NOTES: 
1. 7.16MHz crystal for NTSC 


ORDERING INFORMATION 2. 8.86MHz crystal for PAL 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
18-Pin Plastic DIP (SOT-102) -20°C to +70°C TEA2000N 


ABSOLUTE MAXIMUM RATINGS 


| Votes Pes Se 5 HTT] Vo ~| v 
Operating ambient temperature range 


®PAL is a registered trademark of Monolithic Memories, Inc. 
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PAL/NTSC Color Encoder TEA2000 


BLOCK DIAGRAM 


XTAL A XTAL B 
O 


13 
PAL CLOCK PHASE 
LEVEL , INVERTER OSCILLATOR 
SHIFT 


R-Y 
MODULATOR MODULATOR 


RAMP CONTROL 


R-Y PAL | NT B-Y 
ENCODER B B ENCODER 


PAL/NT LUMINANCE 
LOGIC INPUTS MODE SELECT ENCODER 


CBLNK Ry R, Go G, By B, 


BD09291S 
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DC AND AC ELECTRICAL CHARACTERISTICS \V,,;_9=12V; Ta = 25°C; measured in Figure 2, unless otherwise 


specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | typ | Max 


vio | Sippy votage——OSCSC=~“‘“*S*S*“‘“S*S*S*S*S*S*~“‘“s*‘“~rtSCSSYSC(i ST 
Pin | Seon curent Viet SSSCS~C~C—~—“—*~—‘—*—*—ss*s—~—~s~sSC*dS Ss 


Oscillator stability (Pins 12 and 13) 


Crystal type 4322 143 04051 
Voc = 10.8 to 12V +50 Hz 
Voc = 12 to 13.2V -50 Hz 
Digital inputs 
CSYNC, CBLNK, PL/NT Pins 16, 17, 14 
RO, R1, GO, G1, BO, B1, Pins 18, 1, 2, 3, 4, 5 
Vit Vin (LOW) 0.8 V 
ViH Vin (HIGH) Vi1-9 V 


PG __| tmput capacitance SCSC~<“‘*™*™S™*S™S™C~*~*dSC‘RNSC‘C'=SCOCOO OS 
CSYNC, CBLNK, RO, R1, GO, G1, BO, B1, Pins 16, 17, 18, 1, 2, 3, 4, 5 
Composite video output (Pin 6) 


| -100 


L 
IL 


w 
x 
~ 


4/4 
0|0 


Chrominance band limiting (Pin 10) 


Luminance delay (Pins 7 and 8) 


PRs Nominal series resistor (+ 5%) 
Nominal load resistor at luminance input (+ 5%) 


Ramp timing (Pin 15) (see Figure 2) 


— 
nara 

[Wit eee RC ces R= C=aROVET 
a 
a 
: <a 


3 
< 


Over supply range; Vi;-9 = 10.8 to 13.2V 


AV 
Re 

AV 
AV 
AQ 


TBD % 


oO 
p | ie | Pl 


its Start of burst from line sync 
it | Threshold for separation of equalizing pulses and sync pulses 
NOTE: 


1. A figure of 5pF is assumed for external capacitance. This figure includes temperature dependence of the components. 
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FUNCTIONAL DESCRIPTION 

The TEA2000 PAL/NTSC color encoder and 
video summer integrated circuit has an inter- 
nal oscillator from which the (R-Y) and (B-Y) 
waveforms are generated. The TEA2000 ac- 
cepts timing signals (composite sync, com- 
posite blanking) and a 6-bit binary-coded 
input giving color information. The inputs are 
organized as 2 bits per primary color, and 
gamma correction is applied to the resultant 
luminance and chrominance levels. Each of 
the equally-spaced intensity levels (for each 
primary color) is combined with those of the 
other primary colors. This produces 64 output 
colors comprising a wide range of saturated 
and desaturated colors, black, white, and two 
levels of grey. The resultant output is a 
composite video signal compatible with the 
PAL and NTSC/M standards. 


PIN DESCRIPTION 

RO, R1, GO, G1, BO, B1, Pins 18, 1, 2, 3, 4, 
and 5. These are the red, green, and blue 
logic inputs, 2 bits per primary color. These 
inputs are TTL compatible. The functions of 
the remaining pins are described beside the 
corresponding pin number. 
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16 CSYNC — Composite sync input requiring 
a negative logic signal, TTL compatible. For 
PAL operation, the field sync must include 
line sync information. 


12, 13 XTALA, XTALB — Oscillator inputs. 
A crystal in series with a trimmer capacitor is 
connected between Pins 12 and 13. The 
output of the oscillator is divided to provide 
the four subcarrier phases required in the 
encoder. The crystal frequencies are: 

PAL mode 8.867238MHz 

NTSC mode 7.15909MHz 


7, 8 LUMO, LUMI — Luminance output and 
input. The combined luminance and sync 
signal appearing at Pin 7 must be DC coupled 
to Pin 8 via an appropriate luminance delay 
line or resistor network. Resistors must have 
a tolerance of + 5%, or better, as they affect 
the DC level at COVO, Pin 6. 


10 CHRBL — Chrominance filtering can be 
accomplished by connecting a chrominance 
frequency tuned filter (4.43MHz or 3.57MHz), 
via a blocking capacitor to Pin 10. This point 
is the chrominance summing junction and has 
a nominal internal impedance of 1.5kQ2. If a 
filter is used at this point, then the delay 
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caused to the chrominance signal should be 
compensated by an appropriate luminance 
delay line. 


6 COVO — Composite video output is inter- 
nally buffered, giving a nominal output voltage 
swing of 2V sync-white and a nominal sync 
5V level. 


14 PL/NT — PAL/NTSC select input selects 
PAL mode when HIGH and NTSC mode 
when LOW. This input is TTL compatible. An 
internal pull-up resistor selects PAL if the pin 
is not connected. 


15 RAMP — Ramp timing component con- 
nection. A capacitor and resistor connected 
to Pin 15 provide timing information for the 
color burst and for PAL phase switching. 
Alternative components may be used to opti- 
mize for NTSC operation. 


11 Veco — 12V supply. 
9 GND — Ground connection, zero volts. 


17 CBLNK — Blanking input, when HIGH, 
switches off color inputs. CBLNK must be 
HIGH during sync and color burst unless 
color inputs are all LOW at this time. This 
input is TTL-compatible. 
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PAL CLOCK 
DIVIDER PAL PHASE SIN COS 
LEVEL +2 SWITCH INVERTER RELAY ss OSCLLATOR 
SHIFT 
CBF R-Y e-v q COMPOSITE i 
IL RAMP GENERATOR | Gare MODULATOR [>] MODULATOR ES a 
PaL| = R-Y PAL | NT B-Y 
RAMP aa ono a ENCODER a G0E ENCODER 


LUMINANCE 
LOGIC INPUTS ENCODER 


17 1871 72 13 14 15 


CBLNK Ry R, Go G, By B, 


NOTES: 
X1 (PAL) = 8.867238MHz Component List for Figure 1 


. Var on ge ee 1 PAL 

15yuH 18H 
82pF 100pF 
DL270 DL330 
4302 5102 
510 75022 
UM1233 UM1622 
O/C made 


Figure 1. Internal. Circuit Details and Typical External Connections 


Figure 2. Ramp Timing 
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Figure 1 shows the basic block diagram of the 
TEA2000. Functionally, it encodes digital 
RGB signals into a standard 1Vp.p composite 
video signal to either NTSC or PAL® stan- 
dards. 


Each of the RGB inputs consists of two bits, 
which produce 64 color combinations (includ- 
ing ''black level’). Each of the RGB 2-bit 
input color words is used to drive D/A mod- 
ules in the luminance and chroma encoders. 
This produces four equally-spaced levels on 
each of the primary colors as follows: 
0, 0.333, 0.666, 1.00 (full intensity). 


The composite blanking input, CBLNK, can 
be used to force the colors to black during 
horizontal or vertical blanking. If the color 
inputs are already blanked, the CBLNK input 
may be used to selectively blank areas of the 
TV screen. If the CBLNK input is not required, 
it should be grounded. 
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Color Encoder TEA2000 


Application Note 


The reference for the chroma signal is sup- 
plied by a crystal and an internal oscillator 
operating at twice the color sub-carrier fre- 
quency (NTSC = 7.16MHz, PAL = 8.87MHz). 
This frequency is divided by two to produce 
the quadrature chroma sub-carriers. 


In the PAL mode, the phase of the R-Y sub- 
carrier is switched by 180°C at the start of 
each horizontal line by the internally-generat- 
ed PAL switch. 


An internal ramp generator and comparator 
circuits are used to generate the color burst 
timing and the PAL switch from the composite 
sync input signal. Ramp timing is by an RC 
time constant. 


Outputs of the R-Y and B-Y encoders, togeth- 
er with color burst information, are fed to a 
pair of double-balanced modulators whose 
outputs are summed to produce the modulat- 
ed chroma signal. This signal is available at 


LOGIC 
DECODER 


LUMINANCE 
OUTPUT 


Figure 1. TEA2000 Block Diagram 


PAL® is a registered trademark of Monolithic Memories, Inc. 
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Pin 10 to allow external bandpass filtering of 
the chroma signal if desired. 


The output from the luminance encoder, 
which includes composite sync, is connected 
to Pin 7 to allow the inclusion of a delay line in 
the luma path. This is to compensate for the 
delay introduced by the chroma filter if used. 
Delayed luminance is fed back into the IC at 
Pin 8; it is then amplified to compensate for 
amplitude losses in the delay line, and then 
summed with the modulated chroma signal in 
order to produce a composite video signal. 
This signal is fed to the output stage, which 
produces a 2V signal from the bottom of sync 
tip to full white signal at a low output imped- 
ance. 


The output is adequate to drive standard 
VHF/UHF modulators via a simple resistor 
network or allows a standard 1V composite 
video 75Q2 output implementation with just 
one buffer transistor. 


COMPOSITE 
VIDEO OUTPUT 


LUMINANCE 
INPUT 


BD01131S 
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REFERENCE DATA 


SYMBOL 


TEA2000 EVALUATION CIRCUIT 
Figure 2 shows a circuit diagram of a simple 
evaluation system including all external com- 
ponents that are required to demonstrate the 
TEA2000 color encoder, either with an RF 
modulator or with a standard 1V, 7592 com- 
posite video output. 


All the inputs to the TEA2000 are TTL com- 
patible; however, all can interface with other 
signal voltages up to the TEA2000 supply 
Voc voltage. 


The six RGB inputs (two per primary color) in 
a simple computer or digital video system 
could be grouped as R, G, B to give the usual 
six full-saturated colors or black and white. 


Alternatively, some form of Color Look-Up 
Table (CLUT) could be used to allow a choice 
of any eight (or more if more color bits are 
available) from the full palette of 64 colors. In 
circuit terms, this could be a small RAM which 
could be loaded from time to time to select 
different colors, or a ROM with a fixed selec- 
tion of colors. 


The blanking input, CBLNK, can be used to 
force the colors to black during line and field 
blanking intervals. If the color inputs are 
already blanked and CBLNK is not required 
for any other purpose, it should be connected 
to ground. CBLNK may also be used to blank 
areas of the screen. 


Composite sync is used by the TEA2000 as a 
reference for the timing of color burst and, in 
PAL mode, to generate PAL SWITCH, which 
is used to alternate the phase of the R-Y 
chroma component on successive lines. The 
latter function means that in PAL mode the 
field sync region must either contain full line 
sync information, or an even number of line 
sync pulses may be missing. 


The internal oscillator requires the connection 
of an appropriate twice sub-carrier crystal and 
trimmer (8.867238MHz for PAL and 
7.159100MHz for NTSC). Capacitors Cg and 
Cio are needed to ensure oscillator stability; 
these capacitors and the crystal and trimmer 
must be placed close to the oscillator pins. 


The chroma band limiting filter consists of a 
second-order bandpass resonant LC circuit 
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PARAMETER 


Fin | Soppy omen Viet SSCSC~“~“~*~*~“‘—‘~*~*~sYSC“‘“t Sd 


Vit Input voltage V 
Vin (Pins 1, 2, 3, 4, 5, 14, 16, 17, 18) V 


vs | Composie veo output @eakiopes) ——=S~=~*~*é‘iSC“‘“g;T CSS 


(Ly on Figure 2) connected to the chroma 
band limiting, Pin 10 via a DC-blocking capac- 
itor. The inductor should have an unloaded Q 
factor of about 100 at fsc. The bandwidth of 
the filter is controlled by the internal circuit 
resistance at Pin 10, which has a value 
of ~ 1.5kQ. The bandwidth of this filter deter- 
mines the response to color change and the 
degree of patterning that occurs on a picture. 


It is important that the inductor Q is reason- 
ably high, as its equivalent parallel resistance 
shunts the internal resistance of the CHRBL 
input, thus affecting the chroma amplitude. 


Useful equations for chroma filter calculations 
are: 


1. Q=wWsc’C*Rp 
2. Delay = 2*Rp°C 
3. L=1/(wsc?*C) 


Where: 
Wsc = 2°T*fsc 
Rp © 1.5kQ 


The delay line DL; delays the luminance 
signal to match the delay in the chrominance 
path caused by the chroma filter. 


If a chroma filter is not used, the luminance 
delay line should be replaced by a resistor of 
value equal to the delay line DC resistance 
(11082 for the Philips DL270 (270ns) and 
DL330 (330ns)). 


The position of color burst is defined by an 
internal ramp generator circuit which uses 
external timing components at Pin 15. 


With the components shown, the timing of the 
burst will fall typically within +5% of the 
nominal data sheet specification for PAL. This 
should prove satisfactory, but, if desired, the 
values could be changed slightly to give a 
closer match to the NTSC specifications. 


A value of 5pF is allowed for in stray PCB 
capacitances in the values shown for the 
external ramp components connected to Pin 
15. 


The simple resistive divider couples the en- 
coder output to the modulator and defines 
both the signal amplitude and the DC level at 
the input to the modulator. The 12V supply 
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ts 
_ min | typ | Mex 
a ee 


LIMITS 


should be stable, as changes in the supply 
affect the DC level and signal swing at 
encoder output. 


A simple signal transistor buffer circuit is used 
to produce the standard 1V sync-tip-to-white 
composite video working into a 75Q2 load. 


Color Look-Up Table System 
When used in a computer system, the 
TEA2000 provides the possibility of displaying 
64 screen colors that could be used in a 
number of configurations. All six bits could 
come from the display generator, or a color 
mapping system could be included. 


When displaying color graphics, a reduction in 
memory size or complexity can be achieved if 
only three of four bits are used to define the 
color of each pixel. These bits would select 
eight or sixteen of the possible 64 colors from 
a palette. 


The palette could contain a fixed selection of 
colors, or, by using a small, dedicated RAM, a 
different set of colors could be selected for 
each new display. 


The schematic diagram, Figure 3, shows a 
system that allows a palette of sixteen colors 
to be selected. Before using the display, the 
RAM is loaded with sixteen 6-bit color codes. 
The multiplexer (74LS157) is then switched 
so that data from the display generator is 
used to address the RAM and so select 
colors from the palette. 


The six output data lines from the RAM (two 
off 74S189) are connected to the color inputs 
of the TEA2000. The timing signals CBLNK 
and CSYNC from the display generator must 
also be taken to the color encoder. 


Phase Locking To Line Rate 

If the TEA2000 color encoder is used with a 
computer-based system to display text or 
graphics, the line rate (CSYNC) is determined 
by the computer display generator crystal 
oscillator, and the color sub-carrier frequency 
is determined by the TEA2000 crystal oscilla- 
tor. If these oscillators are not locked, the 
result is that the on-screen dot-crawl 'fades' 
in and out of visibility as one oscillator drifts 
with respect to the other. This effect can be 
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overcome by locking the sub-carrier frequen- 
cy to a multiple of line frequency. 


When used with a Teletext Broadcast Infor- 
mation System, the frequency locking can be 
indirectly achieved by locking sub-carrier fre- 
quency to the broadcast color burst. This 
solution, however, does not apply in the case 
of a computer system not linked to broadcast 
Teletext. 


The exact relationship between sub-carrier 
frequency (fsc) and line frequency (fy) is 
(according to the relevant CCIR document): 


for PAL, 

fsc = (284 - 1/4) fy + 25Hz 
rearranging, 

(f4)/2 = (2°fgc -— 50Hz)/1135 
for NTSC, 

fgc = (455 °fy)/2 
rearranging, 
(fyy)/2 = (2*fgc)/910 


In the block diagram, Figure 4, this relation- 
ship is used directly to derive (fy)/2 from a 2° 
fsc oscillator. A second (fy)/2 is simply de- 
rived from line sync, and the two signals are 
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applied to a phase comparator and low-pass 
filter to control the 2 * fgc oscillator. When this 
PLL is locked, the exact relationship between 
sub-carrier frequency and line frequency is 
assured. 


In the case of PAL, field sync is used to 
subtract one cycle of 2*fsc every field (50Hz). 
In the case of NTSC, this function is not 
required. For displays that are non-standard 
(i.e., different number of lines, non-interlaced) 
the subtraction of one cycle per field may or 
may not be required. 


Phase Locking To Broadcast 


Color Burst 

To mix locally-generated, colored text with a 
broadcast picture, it is necessary to phase- 
lock the local and broadcast color burst and 
horizontal and vertical sync, since they have 
to share a common color burst reference. 


Comparing the phase of color burst generat- 
ed within the TEA2000 with the broadcast 
color burst, and using the error signal to 
correct the 2°*fsc crystal presents certain 
problems. 


The Effect of PAL Switch 
In the case of PAL-encoded video, the phase 
of the color burst signal is switched by + 45°C 
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about the Y axis for each new line. If the PAL 
switch within the TEA2000 is not synchro- 
nized with that of the broadcast signal, then 
there will be a 90°C phase error in the 
TEA2000 color burst. 


If an error which reverses on successive lines 
is detected, this indicates that the TEA2000 
PAL switch is out of phase. The resulting 
error could be corrected by inhibiting one H 
line sync pulse per field into the TEA2000. 


This effect does not occur in NTSC mode. 


Phase Difference When In Lock 

In some PLL designs, when in the lock 
condition, there is a 90° phase difference 
between the VCO and the reference signal. 
As zero phase difference is required in this 
application, some means of removing this 90° 
difference is needed, e.g., phase shifting of 
the reference before locking. 


The internal divide-by-two, which produces 
fsc from the twice sub-carrier oscillator, might 
be thought to introduce an ambiguity into the 
phase-locked loop; however, this is not so, 
because the phases of the actual sub-carrier 
frequency signals are locked together. 
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Figure 2. TEA2000 Evaluation System 
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FROM DISPLAY GENERATOR TO COLOR ENCODER 
BLANKING WAVEFORM CBLNK 
COMPOSITE SYNC CSYNC 


DISPLAY DATA 


(4 BITS) 


MULTIPLEXER 
74LS157 


16 x 4BiTS 


SELECT 


16 x 4 BITS 


D2 


ADDRESS WRITE D; D, Dz; D, D, 

«ee SELECT PULSE a: ie: Me 
RAM ADDRESS RAM DATA 

TO LOAD PALETTE TO LOAD PALETTE 


SIGNALS REQUIRED TO LOAD PALETTE 


Figure 3. Diagram of Color Palette, 16 Colors Out of 64, System 
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COMPOSITE VIDEO 
OUTPUT 


LOOP FILTER 


PHASE 
COMPARATOR 


FIELD AND 
LINE SYNC 


SEPARATOR LINE SYNC (fH) 


BD08671S 


Figure 4. Basic Block Diagram for Phase Locking to Horizontal Line Rate 


This application note was edited from Mullard MTH8502. 
Application of the TEA2000 Color Encoder by 
R.C. Eason and J.A. Tijou. June 10, 1985. 
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DESCRIPTION 

The TDA6800 is a modulator circuit for 
modulation of video signals on a VHF/ 
UHF carrier. The circuit requires a 5V 
power supply and few external compo- 
nents for the negative modulation mode. 
For positive modulation an external 
clamp circuit is required. This circuit can 
be used as a general-purpose modulator 
without additional external components. 


ORDERING INFORMATION 


BLOCK DIAGRAM 


SOUND 
INTERCARRIER O 


VIDEO INPUT O 
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DESCRIPTION TEMPERATURE RANGE ORDER CODE 
8-Pin Plastic DIP (SOT-97A) -25°C to 85°C TDA6800N 
8-Pin Plastic SO (SOT-96A) -25°C to +85°C TDA6800TD 


TDA6800 


Video Modulator Circuit 


Product Specification 


FEATURES 
e Balanced modulator 
e Symmetrical oscillator 


e Video clamp circuit for negative 
modulation 


e Frequency range 50 to 800MHz 


APPLICATIONS 

e Video modulators 

e General-purpose modulators 
e Computers 


INPUT 
MODULATOR 
OSCILLATOR 


2 4 


OSCILLATOR 
TANK CIRCUIT 


PIN CONFIGURATION 


N, D Packages 


SOUND INTER- TT 
CARRIER IN 
OSC TANK 3] 


CIRCUIT 
OSC TANK 3] 
CIRCUIT 


GND [4 


8 | VIDEO IN 
| 7 | RF OUT 
|6 | RF OUT 
B] Voc 


CD13180S 


853-1148 87202 
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Video Modulator Circuit TDA6800 


ABSOLUTE MAXIMUM RATINGS 


ee 
[=o v5 | 0 


unction temperature 
Operating ambient temperature range -65 to +85 


Thermal resistance from junction to 
260 °C/W 
120 °C/W 


ambient in free air 
DC AND AC ELECTRICAL CHARACTERISTICS Vcc = 5V; Ta = 25°C; unless otherwise specified. 


TDA6800T 
TDA6800 
SYMBOL PARAMETER UNIT 
pwin | tye | Max 


Video input voltage 


Vcc 
Ve-4 
Ty 
TA 


CAIN 


Q 
ie) 


CC 


Ve(P-P) 


Input impedance 


< 
for) 


Voltage (DC) at video input (clamp voltage) 


<< 


Voltage (DC) at sound input 
Output voltage f = 50MHz; R, = 752 
Output voltage f = 600MHz; Ry, = 7522 


< 
1 
NS 


< ,\i< 
A On jn pn ran ee i 
Ni 


> 
@) 


Differential phase 

Intermodulation’ (1.1MHz) 

Frequency shift Vg = 5%, f = 600MHz 
Frequency shift Vg = 5%, f = 800MHz 
Frequency drift 25 to 40°C 
Frequency drift 15 to 55°C 


a ee 


Positive modulation (see Figure 2) 


Residual carrier voltage 


Cross modulation? 


° 
oe 


NOTES: 
1. Input signal: DC 0.45V (Vg_4 = 1.85V) 
4.4MHz; input voltage (P-P) = 0.6V 
5.5MHz; input voltage (P-P) = 1.26V 
measured with respect to picture carrier, at f = 6G0OMHz. 
2. Input signal: DC 1V (Vg_4=3.5V) 
5.5MHz AM modulated, fy = 100kHz 
m = 0.8; input voltage (P-P) = 2.27V (including modulation) 
measured with respect to the picture carrier, at f = 600MHz. 
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Figure 1. Application for Negative Modulation 
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DESCRIPTION 


The NE568 is a monolithic phase-locked 
loop (PLL) which operates from 1Hz to 
frequencies in excess of 150MHz. The 
integrated circuit consists of a limiting 
amplifier, a current-controlled oscillator 
(ICO), a phase detector, a level shift 
circuit, V/I and I/V converters, an output 
buffer, and bias circuitry with tempera- 
ture and frequency compensating char- 
acteristics. The design of the NE568 is 
particularly well-suited for demodulation 
of FM signals with extremely large devia- 
tion in systems which require a highly 
linear output. In satellite receiver appli- 
cations with a 7OMHz IF, the NE568 will 
demodulate + 10% deviations with less 
than 4.0% non-linearity (1.5% typical). In 
addition to high linearity, the circuit has a 
loop filter which can be configured with 
series or shunt elements to optimize 
loop dynamic performance. The NE568 
is available in 20-pin dual in-line and 20- 
pin SO (surface-mounted) plastic pack- 
ages. 


ORDERING INFORMATION 


BLOCK DIAGRAM 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
20-Pin Plastic SOL Package 0 to +70°C NE568D 
20-Pin Plastic DIP 0 to +70°C | NESeBN 


NE568 
450MHz Phase-Locked Loop 


Preliminary Specification 


PIN CONFIGURATION 


D, N Packages 


FEATURES 
e Operation to 150MHz 
e High linearity buffered output 


e Series or shunt loop filter 
component capability 


e Temperature compensated 


APPLICATIONS 

e Satellite receivers 

e Fiber-optic video links 
e VHF FSK demodulators 
e Clock recovery 


CD13070S 


LF4 FREQany OUTEnT Vout TCanye 


a ea | 


| ache | 
DETE 
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450MHz Phase-Locked Loop NES68 


ABSOLUTE MAXIMUM RATINGS 


ee 
[74 | coe toon ano erowie anes [Oe «70 [70 
Junction temperature a aio 
Storage temperature range | -65to +150 | °C 
Maximum power dissipation | 500s | mw 


ELECTRICAL formed on each device with an automatic IC Evaluation of performance for correlation to 
CHARACTERISTICS tester prior to shipment. Performance of the the data sheet should be done with the circuit 
device in automated test setup is not neces- and layout of Figures 1 - 3 with the evaluation 
sarily optimum. The NE568 is layout-sensitive. unit soldered in place. (Do not use a socket!) 


The electrical characteristics listed below are 
actual tests (unless otherwise stated) per- 


DC ELECTRICAL CHARACTERISTICS Ty, = 25°C, Voc = 5V, fo = 70MHz, Test Circuit Figure 1, fj =-20dBm, R, = 02 


(ground), unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS min | 
Typ_| Max _ 


OO 
ico [Sunny cures ——SSSCSC—~sSCSC“‘“‘“CSSSSSCCSCSC~*é‘dSCi‘“L OS 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL PARAMETER 


Maximum oscillator operating frequency 


a — P 


Dev = +10%, Input = -20dBm 
5 Dev = + 20%, Input = -20dBm 
MOnesnaaIty Dev = + 20%, Input = +10dBm 


ets 
Cee ee 
EAE 
me © 
it | 
eee 


TEST CONDITIONS UNIT 


LIMITS 


a 
[owpitimpesence———SSCSC~idCSC“‘“‘CNSC#C#C#*‘“‘C(CS™S 


Dev = + 20% of f 
Demodulated Voyt massa’ at Fis ri 0.45 | ose | 
Vin =-20dBm (30% AM) 
AM rejection 


OdBm (30% AM) 
Distribution® 


referred to + 20% deviation 


Centered at 70MHz, Ro = 1.2kQ2, 
Co = 17pF, R4= 02 
(Co + Cstray = 20pF) 


a 


NOTES: 

. Signal level to assure all published parameters. Device will continue to function at lower levels with varying performance. 

. Limits are set symmetrical to fo. Actual characteristics may have asymmetry beyond the specified limits. 

. Not 100% tested, but guaranteed by design. 

. Input impedance depends on package and layout capacitance. See Figures 4 and 5. 

. Linearity is tested with incremental changes in input frequency and measurement of the DC output voltage at Pin 14 (Vout). Nonlinearity is then 
calculated from a straight line over the deviation range specified. 

6. Free-running frequency is measured as feedthrough to Pin 14 (Vout) with no input signal applied. 


ark OND — 
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TC20771S 


Figure 1. Test and Application Circuit 
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Preliminary Specification 


450MHz Phase-Locked Loop 


NE568 


FUNCTIONAL DESCRIPTION 

The NE568 is a high-performance phase- 
locked loop (PLL). The circuit consists of 
conventional PLL elements, with special cir- 
cuitry for linearized demodulated output, and 
high-frequency performance. The process 
used has NPN transistors with fr > 6GHz. 
The high gain and bandwidth of these transis- 
tors make careful attention to layout and 
bypass critical for optimum performance. The 
performance of the PLL cannot be evaluated 
independent of the layout. The use of the 
application layout in this data sheet and 
surface-mount capacitors are highly recom- 
mended as a starting point. 


The input to the PLL is through a limiting 
amplifier with a gain of 200. The input of this 
amplifier is differential (Pins 10 and 11). For 
single-ended applications, the input must be 
coupled through a DC-blocking capacitor with 
low impedance at the frequency of interest. 
The single-ended input is normally applied to 
Pin 11 with Pin 10 AC-bypassed with a low- 
impedance capacitor. The input impedance is 
characteristically slightly above 50022. Imped- 
ance match is not necessary, but loading the 
signal source should be avoided. When the 
source is 50 or 7582, a DC-blocking capacitor 
is usually all that is needed. 


Input amplification is low enough to assure 
reasonable response time in the case of large 
signals, but high enough for good AM rejec- 
tion. After amplification, the input signal 
drives one port of a multiplier-cell phase 
detector. The other port is driven by the 
current-controlled oscillator (ICO). The output 
of the phase comparator is a voltage propor- 
tional to the phase difference of the input and 
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ICO signals. The error signal is filtered with a 
low-pass filter to provide a DC-correction 
voltage, and this voltage is converted to a 
current which is applied to the ICO, shifting 
the frequency in the direction which causes 
the input and ICO to have a 90° phase 
relationship. 


The oscillator is a current-controlled multivib- 
rator. The current control affects the charge/ 
discharge rate of the timing capacitor. It is 
common for this type of oscillator to be 
referred to as a voltage-controlled oscillator 
(VCO), because the output of the phase 
comparator and the loop filter is a voltage. To 
control the frequency of an integrated ICO 
multivibrator, the control signal must be con- 
ditioned by a voltage-to-current converter. In 
the NE568, special circuitry predistorts the 
control signal to make the change in frequen- 
cy a linear function over a large control- 
voltage range. 


The free-running frequency of the oscillator 
depends on the value of the timing capacitor 
connected between Pins 4 and 5. The value 
of the timing capacitor depends on internal 
resistive Components and current sources. 
When Ro = 1.2kQ and Ry = 02, a very close 
approximation of the correct capacitor value 


IS: 
0.0014 
= F 


fo 


* 


where 
C* = Co + Cgotray. 


The temperature-compensation resistor, Ra, 
affects the actual value of capacitance. This 
equation is normalized to 7OMHz. See Figure 
6 for correction factors. 
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The loop filter determines the dynamic char- 
acteristics of the loop. In most PLLs, the 
phase detector outputs are internally con- 
nected to the ICO inputs. The NE568 was 
designed with filter output to input connec- 
tions from Pins 20 (¢ DET) to 17 (ICO), and 
Pins 19 (@ DET) to 18 (ICO) external. This 
allows the use of both series and shunt loop- 
filter elements. The loop constants are: 


Kp = 0.127V/Radian (Phase Detector 
Constant) 


Radia 
Ko = 4.2 X 109 


ns 
(ICO Constant) 
-Sec 


The loop filter determines the general charac- 
teristics of the loop. Capacitors Co, Cio, and 
resistor R;, control the transient output of the 
phase detector. Capacitor Cg suppresses 
70MHz feedthrough by interaction with 1002 
load resistors internal to the phase detector. 


4 


Co = ———— F 

2m (50)(fo) 
At 7OMHz, the calculated value is 45pF. 
Empirical results with the test and application 
board were improved when a 56pF capacitor 
was used. 


The natural frequency for the loop filter is set 
by Cio and Rj. If the center frequency of the 
loop is 7OMHz and the full demodulated 
bandwidth is desired, i.e., fgw = fo/7 
= 10MHz, and a value for R; is chosen, the 
value of Cig can be calculated. 


1 


C19 =———_ 
™ 2n Rifpgw 
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PARTS LIST AND LAYOUT 70MHz APPLICATION NE568D 


re | rome [#10 | cornice [8065 
ae a 
a 
Pref an] i time |S 
=10% | Chip jew 

Arce [sou | 210% | Simace mont | 
Prrc® [sou | 210% | Siace mont | 


NOTES: 

. Co + Cgtray = 20pF. 

. Co + Cotray = 36pF for temperature-compensated configuration with R4 = 4.5kQ. 

. For 502 setup. Ry = 622, R3 = 75Q for 7522 application. 

. For test configuration R4 = 022 (GND) and Co = 18pF. 

. 02 chip resistors (jumpers) may be substituted with minor degradation of performance. 


ar on — 


(Shown at 82% of original size.) 


Sika 
NE568D 


ae 


DFO7740S 


a. Component Side Top of Board 
NOTES: 


Preliminary Specification 


NES568 


For the test circuit, R; was chosen to be 2722. 
The calculated value of Cio is 590pF; 560pF 
was chosen as a production value. (In actual 
satellite receiver applications, improved video 
with low carrier/noise has been observed 
with a wider loop-filter bandwidth.) 


A typical application of the NE568 is demodu- 
lation of FM signals. In this mode of opera- 
tion, a second single-pole filter is available at 
Pin 15 to minimize high frequency feed- 
through to the output. The roll-off frequency is 
set by an internal resistor of 35022 + 20%, 
and an external capacitor from Pin 15 to 
ground. The value of the capacitor is: 


1 
= ——_—_—___ F 
2 (350)faw 


Two final components complete the active 
part of the circuitry. A resistor from Pin 12 to 
ground sets the temperature stability of the 
circuit, and a potentiometer from Pin 16 to 
ground permits fine tuning of the free-running 
oscillator frequency. The Pin 16 potentiome- 
ter is normally 1.2k&2. Adjusting this resis- 
tance controls current sources which affect 
the charge and discharge rates of the timing 
capacitor and, thus, the frequency. The value 
of the temperature stability resistor is chosen 
from the graph in Figure 6. 


The final consideration is bypass capacitors 
for the supply lines. The capacitors should be 
ceramic chips, preferably surface-mount 
types. They must be kept very close to the 
device. The capacitors from Pins 8 and 9 
return to Voc; before being bypassed with a 
separate capacitor to ground. This assures 
that no differential loops are created which 
might cause instability. The layouts for the 
test circuits are recommended. 


DFO7730S 


b. Back of Board 


1. Board is laid out for King BNC Connector P/N KC-79-243-M06 or equivalent. Mount on bottom (back) of board. Add stand-off in each corner. 


2. Back and top side ground must be connected at 8 point minimum. 


Figure 2 
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PARTS LIST AND LAYOUT 70MHz APPLICATION NE568N 


NOTES: 

1. Co + Cotray = 20pF for test configuration with R4 = 02. 

2. Co = 34pF for temperature-compensated configuration with R4 = 4.5kQ2. 
3. For 5082 setup. R; = 620; R3 = 752 for 752 applications. 

4. For test configuration R4 =022 (GND) and Co = 17pF. 


(Shown at 82% of original size.) 


ce) 
Cc 
«+ 
v 
Cc 
+ 


DF07750S 
DFO7760S 


a. Component Side for Leaded Components b. Solder Side of Board and Chip Capacitors 


NOTES: 
1. Board is laid out for King BNC Connector P/N KC-79-243-M06 or equivalent mounted on the component side of the board. 
2. Component side and solder side ground planes must be connected at 8 points minimum. 


Figure 3 
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VOLTAGE (MAG) 


a 
F nna an 
yA 
Faas 


0 
0 10 20 30 40 50 60 70 80 90 100 
FREQUENCY (MHz) FREQUENCY (MHz) Rre (PIN 12) vs fp 


OP17070S OP17080S OP18020S 


Figure 5. NE568 Input Impedance With 
Figure 4. NE568 Input Impedance With CP = 1.49pF 20-Pin Dual In-Line Plastic 
CP =0.5pF 20-Pin SO Package Package Figure 6 


“CoCo TOTO 
Se “Peete 
NTEHERED GAY 

Mat 

AnAAi DANKE 

CCE PEE CEEEE 

cee 


60 25 
1.05 110 115 120 125 130 135 140 0 10 20 30 40 50 60 70 80 90 100 110 120 


FREQ. ADJ (x2) TYPICAL OUTPUT LINEARITY 
71.64 69.71 67.26 64.54 62.08 59.70 57.55 55.53 
lec (mA) OP17060S 
27.33 -27.44-27.56 -27.83 -28.10 -28.50 -28.97 -29.48 
Veo LEVEL (dBm) 


OP18010S 


Figure 7. Typical Vco Frequency vs R2 Adjustment Figure 8. Typical Output Linearity 
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DESCRIPTION 


The PNA7509 is a monolithic NMOS 7- 
bit analog-to-digital converter designed 
for video applications. The device con- 
verts the analog input signal into 7-bit 
binary coded digital words at a sampling 
rate of 22MHz. 


The circuit comprises 129 comparators, 
a reference resistor chain, combining 
logic, ttanscoder stages, and TTL output 
buffers which are positive edge-triggered 
and can be switched into 3-State mode. 
The digital output is selectable in two's 
complement or binary coding. 


The use of separate outputs for overflow 
and underflow detection facilitates full- 
scale driving. 


BLOCK DIAGRAM 


Ces oo ANALOG 
a Is 100 (+10V) GROUND 
= TO 


150 nF 


February 1987 


PNA7509 
7-Bit Analog-to-Digital 
Converter 


Preliminary Specification 


FEATURES 
e 7-bit resolution 
@ 22MHz clock frequency 


e No external sample and hold 
required 


e High input impedance 


e Binary or two's complement 
3-State TTL outputs 


e Overflow and underflow 3-State 
TTL outputs 

e Low reference current (250uA 
typ.) 

e Positive supply voltages (+5V, 
+ 10V) 


e Low power consumption (400mW 
typ.) 
e Available in SO Package 


. SYMBOL 
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PIN CONFIGURATION 
D, N Packages 


CD09580S 


DESCRIPTION 


Analog voltage input 

Analog ground 

Positive supply voltage (+ 5V) 
Reference voltage HIGH 
Select two's complement 
overflow 

Most-significant bit (MSB) 


Positive supply voltage (+ 5V) 
Digital ground 
22MHz clock input 


Least-significant bit (LSB) 
Underflow 

Chip enable input 1 

Back bias output 

Reference voltage LOW 

Chip enable input 2 

Not connected 

Positive supply voltage (+ 5V) 
Positive supply voltage (+ 10V) 


APPLICATIONS 

e High-speed A/D conversion 

e Video signal digitizing 

e Radar pulse analysis 

e High energy physics research 
e Transient signal analysis 
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7-Bit Analog-to-Digital Converter PNA7509 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
24-Pin Plastic DIP 0 to +70°C PNA7509N 
24-Pin Plastic SO (SOT-101) PNA7509D 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
| Vpp | Supply voltage range (Pins 3, 12, 23) 


Supply voltage range (Pin 24) 


TF | Power dsspaton—SSSCS~*~dtCia 
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7-Bit Analog-to-Digital Converter PNA7509 


DC ELECTRICAL CHARACTERISTICS Vpp = V3, 12, 23-13 = 4.5 to 5.5V; Vpp = Va4-2 = 9.5 to 10.5V; Cag = 100nF; Ta = 0 


to +70°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pmin | tye | Max 


Vop Supply voltage (Pins 3, 12, 23) V 
Vop Supply voltage (Pin 24) Vv 
lpp Supply current (Pins 3, 12, 23) TBD mA 
lpp Supply current (Pin 24) TBD mA 


Reference voltages 


VREFL Reference voltage LOW (Pin 20) V 
VREFH Reference voltage HIGH (Pin 4) Vv 
ner | Reference curent—SSSSCSC~*idSCi SCS aso | Ym 


Clock input (Pin 14) 
Input voltage LOW 
Input voltage HIGH 

Digital input levels (Pins 5, 18, 21)* 

Input voltage LOW 

Input voltage HIGH 


Input current 

at Vs, 21-13 = OV 

at Vig_13 = 5V 
Input leakage current 

(except Pins 5, 18, 21) 
Analog Input levels (Pin 1) 

at Veer. = 2.5V; VrerH = 5.1V 


Input voltage amplitude 
(peak-to-peak value) 

Input voltage (underflow) 

Input voltage (overflow) 

Vi — VReEFL Offset input voltage (underflow) 

Vi — VREFH Offset input voltage (overflow) 


SO 


Outputs 


Digital voltage outputs 
(Pins 6 to 11 and 15 to 17) 
Output voltage LOW 


at lo = 2mA 
Output voltage HIGH 
at -lo = 0.5mA 


“When Pin 5 is LOW, binary coding is selected. 

When Pin 5 is HIGH, two's complement is selected. 

If Pins 5, 18 and 21 are open-circuit, Pins 5, 21 are HIGH and Pin 18 is LOW. 
For output coding see Table 1; for mode selection see Table 2. 
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7-Bit Analog-to-Digital Converter PNA7509 


AC ELECTRICAL CHARACTERISTICS Vopp = V3, 12, 23-13 = 4.5 to 5.5V; Vpp = Vo4-2 = 9.5 to 10.5V; Vreri = 2.5V; 
VReFH = 5.1V; foLk = 22MHz; Cag = 100nF; Ta = 0 to +70°C, unless otherwise 
specified. 


LIMITS 
SYMBOL PARAMETER 
jp min | typ | Max 


Timing (see also Figure 1) 


Clock input (Pin 14) 
clock frequency 
clock cycle time LOW 
clock cycle time HIGH 


Input rise and fall times! 


rise time 
fall time 


Analog input! 
Bandwidth (-3 dB) 
at V1_2p-p) = 2.2V 
Differential gain 
at f,= <4.5MHz? 
Differential phase 
at f)= <4.5MHz* 
Phase error 
at f;= <4.5MHz° 
Signal-to-noise ratio 
at Vi _2(p-p) = 2.2V; 
f}= <4.5MHz; B=+1 MHz 
Harmonics 
at V4_2p-p) = 2.2V; 
f, = 3.6MHz 
Fundamental 
2nd harmonic 
3rd harmonic 
4th harmonic 
5th harmonic 
6th harmonic 
7th harmonic 
Harmonics 
at V1 _2p-p) = 2.2V; 
f = 4.5MHz 
Fundamental 
2nd harmonic 
3rd harmonic 
4th harmonic 
5th harmonic 
6th harmonic 
7th harmonic 
Digital outputs® 4 
Output hold time 
Output delay time 
Internal delay 
Propagation delay time 
at fo_k = 20.25MHz 
3-State delay time (see Figure 2) 
Capacitive output load? 
Transfer function 
Non-linearity 
integral 
differential 


NOTES: 

1. Clock input rise and fall times are at the maximum clock frequency (10% and 90% levels). 

2. Low frequency sine wave (peak-to-peak value of the analog input voltage at Vij = 1.8V) amplitude modulated with a sine wave voltage (Vix = 0.7V) at 
f; < 4.5MHz. 

3. Sine wave voltage with increasing amplitude at fj <4.5MHz (minimum amplitude Vij = 0.25V; maximum amplitude Vij = 2.5V). 

4. The timing values of the digital output Pins 6 to 11 and 15 to 17 are measured with the clock input reference level at 1.5V. 
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7-Bit Analog-to-Digital Converter PNA7509 


Table 1. Output Coding (Vref. = 2.5V; Vrery = 5.1V) Table 2. Mode Selection 


TWO's BIT 0 
V2 | UNFL | OVFL uc COMPLEMENT Fal ome |e 
(Typ) Bit 6-Bit 0 Bit 6—-Bit 0 
High High 


Underflow ; impedance impedance 
Active Active 
High Active 
impedance 


126 
127 
Overflow 


CLOCK INPUT CLOCK INPUT 
(Pin 14) REFERENCE LEVEL 


(1.5V) 


SAMPLE 


SAMPLE 
N+4 


DIGITAL OUTPUTS 
(Pins 6 to 11 and 15 to 17) 


WF14950S 


Figure 1. Timing Diagram 


CHIP ENABLE 
ree _ arin LEVEL 


(Pin 21) 


DIGITAL OUTPUTS 
(Pins 6 to 11 and 15 to 17) 


WF14960S 


Figure 2. Timing Diagram for 3-State Delay 
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F OVFL : 


7.5V — 
2.5V LNY VIN 
PNA7509 
0.1yF| 10uF] L336 
oi 


Cc 


Vin 


TC06110S 


Figure 3 
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Author: Nick Gray 


The NE5539 is well-suited for use as a level- 
shifting amplifier at the input of the PNA7509 
video speed analog-to-digital converter. De- 
signing this circuit is straightforward and rela- 
tively simple. 


The first step is to determine the gain that is 
required. Since the PNA7509 requires a maxi- 
mum input of 5.0 Vpc and a minimum input of 
2.5Vpc the required amplifier gain is 


5.0-2.5 2.5 
Ay = ————__ = ————_. 
VmMax- Vein Vmax— VMIN 


where Vyax is the maximum level of the 
amplifier input signal, and Vin is the mini- 
mum level of the amplifier input signal. 


This gain must be greater than unity as the 
gain of a non-inverting amplifier such as this 
is 

Ay = 1+ (Re/R)). 


The ratio of Re to R; is then 


Re/R) = Ay - 1. 


The task is now to select Re and R). These 
resistors should be low enough to swamp out 


NOTE: 
*Pin 5 should be grounded for binary output, or tied to a logic high for two's complement output. 
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AN108 


An Amplifying, Level-Shifting 
Interface for the PNA7509 
Video A/D Converter 


Application Note 


the effects of any stray capacitance. If R; is 
arbitrarily chosen, Rr is found to be 


2.5 R, 


Re = —_—_—_. 
Vmax — VMIN 


The required offset voltage, Vo, is then found 
to be 


Vo = Vmax — [(5 - Voax) (Ri/Re)]. 


Because the NE5539 input cannot be driven 
closer to its negative supply than about 4.7V, 
that negative supply must be -4.7V or more 
negative in order to accommodate an input 
signal whose minimum potential is OV. The 
NE5539 output must never come any closer 
to the supply rail than about 5.5V, and the 
maximum output required to drive the 
PNA7509 is 5V, so the positive supply must 
be at least 5+5.5V, or 10.5V. If we use 
standard power supply potentials of +12V 
and -5V, this would satisfy these require- 
ments, except we must insure that the nega- 
tive supply is at least as negative as -4.7V. 
Tests have been conducted that indicate 
satisfactory operation with the positive supply 
between 10.5V and 13.5V, and the negative 
supply between -4.7V and —5.7V. Further- 
more, because the NE5539 is sensitive to 
unbalance in the supplies, it is necessary to 
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insure that its Pin 7 potential is close to 
halfway between the positive and the nega- 
tive supply. Two resistors and an op amp 
driving Pin 7 nicely provide this balance. 
Another op amp is used to set the offset 
voltage. 


The three diodes are used to drop the 12V 
supply to 10V for the PNA7509. If available 
and desired, a separate 10V supply could be 
used without the diodes. 


Other components are shown for the conve- 
nience of the user. The potentiometer at Pin 5 
of the NE5514 is used to adjust Vo. The 
potentiometer at Pin 12 of the NE5514 sets 
the voltage at the low end of the PNA7509 
reference ladder, so is a zero-scale adjust- 
ment. The potentiometer at Pin 3 of the 
NE5514 sets the high end voltage on the 
PNA7509 reference ladder and is, effectively, 
a full-scale adjustment. It is also possible to 
use a signal divider at the NE5539 input for 
full-scale adjustment. Re can also be made 
variable to provide full-scale adjustment. Care 
should be exercised, however, when introduc- 
ing potentiometers into feedback loops or 
into high-frequency signal paths. 


The NE5514 was chosen for its low input 
offset voltage temperature coefficient. 


15 MHz 
TTL CLOCK 
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Signetics TDAS703 
Analog-to-Digital Converter 


Preliminary Specification 


Linear Products 


DESCRIPTION e Two voltage supply connections: PIN CONFIGURATION 
The TDA5703 is an 8-bit analog-to-digi- -analog +5V és Wasieae 
tal converter (ADC) designed for video —— digital +5V 


and professional applications. The 
TDA5703 converts the analog input sig- 
nal into 8-bit binary-coded digital words 
at a sampling rate of up to 25MHz. 


e 1V full-scale analog input (752 
external resistor tied to Vcc) 


e Full-scale bandwidth; 10.5MHz at 


3dB 
FEATURES e Low power consumption; 
e 8-bit binary coded resolution typically 250mW 
@ Digitizing rates up to 25MHz e 24-lead plastic DIP 
e Internal reference 
e Only 3 external capacitors APPLICATION 


required e Video data conversion 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE| ORDER CODE 
24-Pin Plastic DIP (SOT-101 BE17) TDA5703N 


ABSOLUTE MAXIMUM RATINGS PIN 


NO. 
SYMBOL PARAMETER RATING 
Supply voltages 
Voct ig 4 : 3 bs 
Voce at Pin 6 ° ¥ 
Input voltage 
Output current 
at Pins 9, 10, 11, 13, 10 mA 
14, 15, 16 and 17 
°C 
°C 


SYMBOL DESCRIPTION 


Analog voltage input 
Analog ground 

Analog input reference 
Analog supply voltage 
Clock input 

Digital supply voltage 

Not connected 

Not connected 

Least significant bit (LSB) 


Digital ground 


Most significant bit (MSB) 
Not connected 
Not connected 
Not connected 
Not connected 


Storage temperature range -65 to +150 
Operating ambient temperature range 0 to +70 | oe | 


Decoupling for internal 
reference 
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BLOCK DIAGRAM 


-_ ¥ INTERNAL 
<4 REFERENCE 


5 v, 
- ¥ 


GRAY CODE TO BINARY 
CODE REGISTERS 
OUTPUT INTERFACES 


BDO07430S 
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DC ELECTRICAL CHARACTERISTICS Vcc: = Voce = 4.75 to 5.25V; Ta = 25°C, unless otherwise specified. 


LIMITS 


SYMBOL PARAMETER TEST CONDITIONS Twin | typ UNIT 
Typ | Max 


su 
[Voc [Analog supply volege ——Si«dtSC'“‘“‘S#O!#C*PMACO#O#O#O#O~#*~; aves] so [sas] vv 
[Voce [Distal supply votege ——=Sid=SSC*“‘“CSC#MO™O~#~#~*~*~« S| so | sas] v 
a 
Coce [Distal supe curent———SS«?SSSCS~“‘~*és SS*~“‘*S*dCSC*dSOWO]—C«dSCm 
res |Resouion SS SCdPSSS™C~—CSsSCSsSSSSTSCSTTCCY Sd | dC 
5 
ve [inputwotagotow Sid SSSCSC*~“~S*~*~“—s—‘“‘~‘“~;*~*~*~rSC*éidCONSC‘d OV’ 
in [put cwenwich ——|SSC~C~—CSCSSSSCSTSCSSSd 
Tu [inputourenttowSdYSSCSC~—~—sSCSSSSSCSCS mm 
a 
Sa NON NN NNN EO ET 
|__| Differential Differential linearity = Mf os | 05 | sR 


1dB 6.0 mHz 
Differential phase x 


[fotetere  TOSC™—~—CSSTCCd a 
— Input resistance ee ee 
input capacitance ee a 


a output levels (lo = 10mA) 


Output voltage HIGH 


Output voltage LOW 


External capacitance 


Operating ambient temperature 
range 


AC ELECTRICAL CHARACTERISTICS Voc: = Voce = 4.75 to 5.25V; Ta = 25°C, unless otherwise specified. 


PARAMETER TEST CONDITIONS 


to | Maximum conversion rate 


NOTE: 
1. See Timing Diagram, Figure 1 
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DATA N-2 
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Figure 1. Timing Diagram 
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DESCRIPTION 


The NE5150/5151/5152 are triple 4-bit 
DACs intended for use.in graphic display 
systems. They are a high perfor- 
mance — yet cost effective — means of 
interfacing digital memory and a CRT. 
The NE5150/5152 are single integrated 
circuit chips containing special input buf- 
fers, an ECL static RAM, high-speed 
latches, and three 4-bit DACs. The input 
buffers are user-selectable as either 
ECL or TTL compatible for the NE5150. 
The NE5152 is similar to the NE5150, 
but is TTL compatible only, and operates 
off of a single’+5V supply. The RAM is 
organized as 16 X 12, so that 16 ''color 
words'' can be down-loaded from the 
pixel memory into the chip memory. 
Each 12-bit word represents 4 bits of 
red, 4 bits of green and 4 bits of blue 
information. This system gives 4096 
possible colors. The RAM is fast enough 
to completely reload during the horizon- 
tal retrace time. The latches resynchron- 
ize the digital data to the DACs to 
prevent glitches. The DACs include all 
the composite video functions to make 
the output waveforms meet RS-170 and 
RS-343 standards, and produce 1Vp._p 
into 7582. The composite functions (ref- 
erence white, bright, blank, and sync) 
are latched to prevent screen-edge dis- 
tortions generally found on ''video 
DACs."' External components are kept 
to an absolute minimum (bypass capaci- 
tors only as needed) by including all 
reference generation circuitry and termi- 
nation resistors on-chip, by building in 
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high-frequency PSRR (eliminating sepa- 
rate Vees and costly power supplies and 
filtering), and by using a single-ended 
clock. The guaranteed maximum operat- 
ing frequency for the NE5150/5152 is 
110MHz over the commercial termpera- 
ture range. The devices are housed ina 
standard 24-pin package and consume 
less than 1W of power. 


The NE5151 is a simplified version of 
the NE5150, including all functions ex- 
cept the memory. Maximum operating 
frequency is 150MHz. 


FEATURES 

e Single-chip 

e On-board ECL static RAM 
e 4096 colors 

e ECL and TTL compatible 


e 110MHz update rate (NE5150, 
5152) 


@ 150MHz update rate (NE5151) 
e Low power and cost 

e Drives 7592 cable directly 

e Internal reference 

e 40dB PSRR 


e No external components 
necessary 


APPLICATIONS 

e Bit-mapped graphics 

e Super high-speed DAC 
e Home computers 

e Raster-scan displays 
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NE5150 F Package 


CD10431S 


NE5152 F Package 
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BLOCK DIAGRAMS 


NE5150 NE5151 


AO Ai A2 A3 DO D1 D2 D3 
& O & & () Chaar 


GO G1 G2 G3 RO Ri R2 R3 
(5) (4) (3) (2) (1) (24)(23)(22) 
cp €) c> €) €) €) €3 © 
WRITEg (19) O 


INPUT 
BUFFERS 


STROBE (17) © LATCHES 
WHITE (7) O Vie) 


SYNC (10) © LATCHES Pave am aii 
BLANK (9) O 


BRIGHT (8) 


STROBE (17) O LATCHES 
WHITE (7) © Me) am be 


SYNC (10) O LATCHES bara 
= 


le 
BLANK (9) 
BRIGHT (8) © alos 


GREEN RED 


€ O 
(11) (13) (15) 
RED BLUE 


BDO6980S 


NE5152 


AO Ai A2 A3 DO Di D2 D3 
(5) (4) (3) (2) (1) (24)(23) (22) 
OO? oo ooo Gg 


INPUT 
BUFFERS 


Voc (6, 12, 16) O 
REFERENCE 
GND (14)O 


STROBE (17)0 LATCHES 
WHITE (7)0 Me) 


SYNC (10) LATCHES ae 
— 


Lt 
BLANK (9) O 
BRIGHT (8) O EH los, 


(11) (13) (15) 
GREEN RED BLUE 


BD06970S 


February 1987 11-26 


Signetics Linear Products Preliminary Specification 


Triple 4-Bit RGB D/A Converter 


With and Without Memory ahaa tae alae 


ABSOLUTE MAXIMUM RATINGS 


Temperature range 
Operating 0 to +70 
Storage -65 to +150 


ECL-low 


DC ELECTRICAL CHARACTERISTICS Vcc =+5V (TTL), OV (ECL), Veg =-5V, 0°C < Ta < +70°C, for NE5150/5151; 
Voc = + 5V (TTL), GND = OV for NE5152, unless otherwise noted. 


LIMITS 
SYMBOL PARAMETER Min | typ | UNIT 
Typ | Max | 


Monotonicity 

Non-linearity 

Differential non-linearity 

Offset error (25°C) [1111] (BRT = 1) 
Gain error (25°C) [0000] (BRT = 1) 


I+ 
—_ 


Positive power supply (TTL mode) (NE5150) 
(TTL mode) (NE5151) 
(ECL mode) 


Negative supply current (NE5150) 
(NE5151) 


Analog voltage range (ZS to FS) 
Gain tracking (any two channels) 


Enhanced white level (25°C)? 
Bright shift (25°C)(0 to 1) 
Enhanced blanking level (25°C) 
Enhanced sync level (25°C)? 


TTL logic input low 
TTL logic high input current (Vij = 2.4V) 
TTL logic low input current (Viy = 0.4V) 


ECL logic low input current (Vix = -1.8V) 


Least significant bit 
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TEMPERATURE CHARACTERISTICS Voc = +5V (TTL), OV (ECL), Veg =-5V, 0°C < Ta < +70°C, for NE5150/5151; 
Voc = +5V (TTL), GND = OV for NE5152, unless otherwise noted. 


LIMITS 
SYMBOL PARAMETER 


ee] 
“ 
+ °C 


| Min 
ee ae 
ec a ee 
_ i [2080 pom 
Erhard write vel TOT SSSOSCS~SS*; 0100 | mC 
ee anieto SS SOSOSOSCSSSSSCSCSS=*S 02200 mo 
[traced banking vel TO SSCSCS~SCS~S «dt 00 | per 
TT Ehancod syne vel TOSS 00 | 800 | pmo 
Yat resistance TOSS 000 [+2000 | pmo 
NOTES: 


1. Normalized to full-scale (603mV). 
2. With respect to [1111] (BRT = 1). 


AC ELECTRICAL CHARACTERISTICS Vcc = +5V (TTL), OV (ECL), Veg =-5V, 0°C < Ty < +70°C, for NE5150/5151; 
Voc = +5V (TTL), GND = OV for NE5152, unless otherwise noted. 


poe ee rere 

wen [Wet enabe puso wan esteorsisa——=—S~*~SsS SY 
thes | Rend compose! soup wesien/sisa ———=—=S~*~iS Pd 
thon | Rend compost? hous esien/sisa ————=SSCS*~‘dtCS SYS 
Tus | Rend adress setup (estsorsisay———SOSCS~“~‘“~*~*é~dtCS SYS 


iu 
cs 


Composite’ hold (NE5151) 


Data-bits setup (NE5151) 
Data-bits hold (NE5151) 
Strobe pulse width (NE5151) 
DAC delay (NE5151) 

DAC rise time (10-90%) 


DAC full-scale settling time? 
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SYMBOL 


Glitch energy 


PARAMETER 


Power supply rejection ratio (to red, green or blue outputs) 


Vee at 1kHz 
Vee at 10MHz 
Vee at 50MHz 
Voc at 1kHz 
Voc at 10MHz 
Voc at 50MHz 


NOTES: 


1. Composite implies any of the WHITE, BRIGHT, BLANK or SYNC signals. 
2. Setting to + Y2 LSB, measured from STROBE 50% point (rising edge). This time includes the delay throught the strobe input buffer and latch. 
3. Listed PSRR is for the NE5150/51. The NE5152 PSRR specs are identical to the Vee numbers in the table. 


NE5150 PIN DESCRIPTION 

Write enable inputs use negative-true logic 
while all other inputs are positive-true. All 
inputs operate synchronously with the posi- 
tive edge-triggered strobe input. When Vcc is 
taken high (5V), all inputs are TTL compati- 
ble. When Vcc is grounded, all inputs are ECL 
compatible. All DACs are complementary, so 
that all ones is the highest absolute voltage 
and all zeroes is the lowest. All ones is called 
zero-scale (ZS) and all zeroes is called full- 
scale (FS). The analog output voltage is 
approximately OV (ZS) to -—1V (SYNC). 


Pins 1, 24, 23, 22: DATA bits DO (MSB) 
through D3, used to input digital information 
to the memory during the write phase. During 
this phase, the data bits are presented to the 
internal latches (noninverted) and the DACs 
will output the analog equivalent of the stored 
word, unless overridden by WHITE, BLANK or 
SYNC. 


Pins 5, 4, 3, 2: ADDRESS lines AO (MSB) 
through A3, used for selecting a memory 
address to write to or read from. 


Pin 7: WHITE command. Presets the latches 
to all ones [1111] and outputs OV absolute on 
all DACs. Can be modified to -71mV absolute 
when BRIGHT is taken low. Will be overrid- 
den by either a BLANK or SYNC command. 


Pin 8: BRIGHT command. A low input here 
turns on an additional -71mV (10 IRE unit) 
switch, shifting all other levels downward. Not 
overridden by any other input. 
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Pin 9: BLANK command. Presets the latches 
to all zeroes [0000] and turns on an additional 
-71mV (10 IRE unit) switch. Absolute output 
is -671mV. Can be modified another -71mV 
to -742mV absolute when BRIGHT is taken 
low. Will override WHITE, and will be overrid- 
den by SYNC. 


Pin 10: SYNC command. Presets the latches 
to all zeroes [0000] and turns on the BLANK 
switch. Additionally turns on a —286mV (40 
IRE unit) switch in the green channel only. 
Absolute output is -671mV for the red and 
blue channels, and -957mV for the green 
channel. All levels can be shifted -71mV by 
taking BRIGHT low. Overrides WHITE and 
BLANK. 


Pins 11, 13, 15: GREEN, RED, BLUE. Analog 
outputs with 75Q internal termination resis- 
tors. Can directly drive 75Q cable and should 
be terminated at the display end of the line 
with 7582. Output voltage range is approxi- 
mately OV to -1V, independent of whether 
the digital inputs are ECL or TTL compatible. 
All outputs are simultaneously affected by the 
WHITE, BLANK or BRIGHT commands. Only 
the GREEN channel carries SYNC informa- 
tion. 


NOTE: 

There are 100 IRE units from WHITE to BLANK. 
One IRE unit is approximately 7.1mV. Full-scale is 
90 IRE units and 10 IRE units is ¥ of full-scale (e.g., 
BRIGHT function). 
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LIMITS 


Pins 19, 20, 21: WRITEg, WRITER, WRITEg. 
Write enable commands for each of the three 
16 X 4 memories. When all write commands 
are high, then the READ operation is select- 
ed. This is the normal display mode. To write 
data into memory, the write enable pin is 
taken low. Data DO -D3 will be written into 
address AO-A3 of each memory when its 
corresponding write enable pin goes low. 


Pin 17: STROBE. The strobe signal is the 
main system clock and is used for resyn- 
chronizing digital signals to the DACs. Pre- 
venting data skew eliminates glitches which 
would otherwise become visible color distor- 
tions on a CRT display. The strobe command 
has no special drive requirements and is TTL 
or ECL compatible. 


Pins 12, 16: Agnp, Denp- Both Analog and. 


Digital ground carry a maximum of approxi- 
mately 100mA of DC current. For proper 
operation, the difference voltage between 
Agno and Denp should be no greater than 
50mV, preferably less. 


Pin 14: Veg. The negative power supply is the 
main chip power source. Vcc is only used for 
TTL input buffers. As is usual, good bypass- 
ing techniques should be used. The chip itself 
has a good deal of power supply rejection — 
well up into the VHF frequency range — so 
no elaborate power supply filtering is neces- 
sary. 


Pin 18: NC. This unused pin should be tied 
high or low. 
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NE5150/5152 TIMING DIAGRAMS 


Read Cycle Write Cycle 


NE5151 PIN DESCRIPTION AND NE5151 TIMING DIAGRAM 


TIMING DIAGRAM 

The eleven digital inputs DO-D3, AO-A3, 
WRITE Grp, and the unused Pin 18 of the 
NE5150 are replaced in the NE5151 with the 
three 4-bit DAC digital inputs GO-G3, 
RO-R3, and BO -B3. All other pin functions 
(e.g., Composite functions, power supplies, 
strobe, etc.) are identical to the NE5150. 


NE5152 PIN DESCRIPTION 

The NE5152 is a TTL-compatible-only version 
of the NE5150, operating off of a single +5V 
supply. Voc Pins 6, 12 and 16 should be 
connected to +5V and Pin 14 to 0V. DAC 
output is referenced to Vcc. 


NE5150/NE5151/NE5152 LOGIC TABLE 


SYNC WHITE BRIGHT DATA OUTPUT® CONDITION 


0 -1031mV SYNC! 

1 -960mV Enhanced SYNC! 

0 -746mV BLANK 

1 -674mV Enhanced BLANK 

0 -71mV WHITE 

1 OmV Enhanced WHITE 

0 -674mV BLACK (FS) 

1 -603mV Enhanced BLACK (EFS) 

0 -71mV WHITE (ZS) 

1 OmV Enhanced WHITE (EZS) 
NOTES: 


1. Green channel output only. RED and BLUE will output BLANK or Enhanced BLANK under these conditions. 
2. For the NE5150/5152 the DATA column represents the memory data accessed by the specific address. For the NE5151, the DATA is the direct digital inputs. 
3. Note output voltages in Logic Table are referenced to Vcc for the NE5152 only. 


ADDRESS 
X 


seoecononalf 


eee | 


oooococ”rtoo-=-+ 


February 1987 11-30 


Signetics Linear Products Preliminary Specification 


Triple 4-Bit RGB D/A Converter 


4541/5152 
With and Without Memory ac i 


COMPOSITE VIDEO WAVEFORM 


WHITE (1111) 
BRIGHT 


BLACK (0000) 
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Author: Michael J. Sedayao 
INTRODUCTION 


Raster-scan systems and bit-mapped graph- 
ics are here to stay. For a computer to be of 
use, it needs an interactive means of commu- 
nicating with the user. So for every computer, 
whether it is a 1OMFLOP (millions of floating- 
point operations per second) supercomputer 
or a home computer for playing video games, 
some type of terminal or graphics display 
device is needed. Not long ago, inputs to the 
computer were made using stacks of Hollerith 
cards pushed into a hopper and then read 
into the computer. Results would then come 
from a printer. The hardcopy results were 
exactly what they looked like: final judgment 
from the computer. In order to respond, it was 
back to the punch-card machine. Needless to 
say, debugging programs became quite labo- 
rious. This problem led to the interactive 
display, allowing the user to enter information 
and see the results immediately. A new age in 
computing had arrived. 


The areas of word processing, on-screen 
Circuit simulation, and computer graphics de- 
veloped with great rapidity. As technology 
improved, so did the ability to make larger 
displays having more colors and better reso- 
lution. As software developed, so did tech- 
niques such as windowing, the use of icons, 
and the ability to use graphic input devices 
such as mouses, light pens, and joysticks. 
Three-dimensional images and photographic 
quality reproduction soon followed. 


Of the different technologies, how did raster 
scanning predominate over other forms? 
What differentiates bit-mapped graphics sys- 
tems from character or vector-map systems? 
In the following sections it will become clear 
how technology and economics drove the 
market and, consequently, product develop- 
ment. 


Displays: Raster, Vector 


Refresh, Storage Tube 

A raster is technically a display of horizontal 
lines. How the display is created is what 
makes it unique. An electron beam generated 
by a CRT (Cathode Ray Tube) and containing 
video information, starts at the top left of the 
screen and traces a path to the right part of 
the screen (see Figure 1). It makes a slight 
angle as it travels across. The gun is then 
turned off as the beam rapidly returns to the 
left. It then repeats this zig-zag path until it 
reaches the botiom of the screen. The gun is 
again turned off as the beam travels back to 
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the top of the screen. This entire process is 
repeated from 30 to 60 times per second so 
flicker is decreased (motion pictures or film 
typically display 24 images per second). What 
the electron beam has done is scanned its 
information onto the screen. This process is 
called raster scanning. 


OP18030S 


Figure 1. Raster-Scanned Display 


All television sets display information in this 
manner. For television sets in the United 
States, the screen is redrawn 30 times per 
second. Additionally, the screen is interlaced, 
meaning that every other line is scanned and 
then the lines in between are scanned. This 
gives the illusion that the image is continuous. 
Since the television sets have 525 lines, 
262.5 lines are scanned first (the odd field) 
and then the other 262.5 (the even field) are 
scanned. To visualize this, consider a 21-line 
system (see Figure 2). Scanning occurs at the 
above-mentioned 30Hz rate which is also 
known as the frame rate. Two fields (odd and 
even) equal one frame. Scanning 525 lines 30 
times a second equals 15,750 horizontal lines 
scanned in a second. This is called the 
horizontal scan frequency. These are stan- 
dard in the U.S., coming under the standard 
known as NTSC (National Television Stan- 
dards Committee). In Europe, television has 
625 lines and has a frame rate of 25Hz, or 
half the power line frequency, 50Hz. 


Vector refresh displays, or stroke-writers, 
work on the principle that one line is the base 
unit of information. Each line then corre- 
sponds to a vector. Instead of scanning 
continuously, information is drawn line-by- 
line, hence the name stroke-writer. These 
systems off-load the refreshing tasks to spe- 
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cial hardware, making the system slightly 
more cost-effective. Still, during the 1960's 
making them proved too expensive for every- 
day applications. 


In 1971, Tektronix introduced the Direct View 
Storage Tube (DVST) for displaying and inter- 
facing graphic data. It was based on oscillo- 
scope techniques, storing information in a 
special, long-persistence phosphor which 
coats the inside of the screen. The display 
resolution is limited only by the phosphor 
grain size and the quality of the deflection 
circuitry. Although inexpensive, these devices 
were fine for oscilloscopes in the lab, but too 
cumbersome for fully interactive work. When 
the screen would redraw itself after the entry 
of new information, the sudden disappear- 
ance and reappearance was almost like look- 
ing at the light of a camera flashbulb. Another 
problem with the storage refresh screen was 
that when new information entered, it would 
write directly over the existing information. 
Only upon refreshing the screen would the 
new information be clear and readable. In 
many cases, the annoyance did not justify the 
low cost. 


Bit-Mapped Graphics 

In a bit-mapped graphics system, the screen 
is divided into individual elements called pix- 
els, short for picture elements. When they say 
"bit-mapped"', each pixel corresponds to a 
bit, or, in most cases, an address or memory 
location. This is what differentiates television 
from bit-mapped computer displays. Although 
both systems use raster scanning techniques, 
the information transmitted on television is 
continuous — a stream of analog information 
between horizontal sync pulses (the pulses 
used to denote the beginning and end of a 
horizontal line) — whereas in bit-mapped sys- 
tems, each line is divided into discrete ele- 
ments (the aforementioned pixels). The ap- 
proximation of analog images would then be 
determined by the pixel density or screen 
resolution. As an example, Figure 3 shows a 
line approximated by a finite number of pixels. 


The lines seem to staircase rather than flow 
because of the enlargement of the pixels. The 
effect is known in some computer graphics 
circles as ''jaggies'', short for jagged edges. 


So, with more pixels, better resolution is 
possible. This is not without a price, though. 
Since each pixel corresponds to a memory 
location, memory cost rises dramatically as 
pixel resolution increases. Drawing speed 
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A sample scanning pattern for 21 interlaced lines per frame and 10% lines per field. The corresponding H and V 
sawtooth deflection waveforms are shown below pattern. Starting at point A, the scanning motion continues through B, 


C, and D, and back to A again. 


Figure 2. Interlaced Raster for 21-Line System 
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Figure 3. Ideal Line and Its Discrete Pixel Representation 


must also increase since more pixels have to 
be drawn to maintain the = 30Hz frame rate 
needed to avoid flicker. Clearly then, the 
increase in bit-mapped graphics systems can 
be tied to the continuing price reductions in 
memory, specifically, the Dynamic Random 
Access Memory (DRAM). Fortunately, as the 
price has dropped, the memory size has not 
stood still. The last 14 years have seen size 
increases from 4k to 16k, 16k to 64k, 64k to 
256k, and now, 256k to 1M bits of memory. 
One might expect to see DRAMs on the order 
of 4Mb within 2 to 3 years. Additionally, the 
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continuing development of video RAMs can- 
not be ignored. 


A bit-mapped system might be described in 
one of three ways. First, assume the display 
is monochrome and that each pixel can be 
represented by a certain number, for in- 
stance, 4 bits of information. This means that 
there are 2* = 16 possible values of shading. 
Each bit of information can be represented by 
a "plane" of information. The plane would 
correspond to the area that was mapped by 
the pixels, namely the drawing area or dis- 
play. Imagine an 8 X 8 pixel display. This 
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means that there are 4 bit-planes and each 
pixel would have to pierce all four planes to 
give the proper information (see Figure 4). 
This is a fairly quick way to draw the screen 
since the data goes directly from the bit-map 
to the DAC (Digital/Analog Converter; DAC is 
singular here since the display is mono- 
chrome). 


A direct conversion system for color is the 
second step. This is just an upgrade of the 
first case. Instead of 4 bit-planes, there are 
12: three sets of the 4 planes for the three 
primary colors red, green, and blue. The 
advantage here is that there are now 
2'2 = 4096 different colors, but the corre- 
sponding disadvantage is that the memory 
requirement has tripled. For more bit resolu- 
tion per pixel, the associated memory de- 
mands increase by 3 times the pixel size 
times n, where n is the additional bit of 
resolution per pixel. 


The third type of bit-map system uses a color 
look-up table (CLUT) as the driver for the 
display. The operation is straightforward. As 
the controller scans the bit-map each time it 
comes upon a pixel, it retrieves the bits which 
are then decoded into an address. This 
address is a pointer to the look-up table 
where sixteen 12-bit words (colors) are stored 
(see Figure 5). Once selected, that word is 
then sent to the color DACs and, from there, 
to the screen. The idea is similar to that of 
having cache memory in a computer, a fast 
memory used when the information in the 
memory is frequently accessed. Note that the 
bit-planes grow as n for 2” additional colors 
while memory grows for 3n in the direct 
conversion case, a definite savings in memo- 
ry. 


The limitation in this case is that only 16 
colors can be displayed at a time. In some 
systems, however, the CLUT is fast enough 
to be reloaded during the horizontal retrace 
time (CLUT size is sometimes referred to as 
the maximum number of colors that can be 
displayed on one horizontal line). This is 
especially important if the image is to simu- 
late a smooth motion such as the rotation of a 
merry-go-round or the movement of an object 
with mirrored surfaces. In most cases, 16 
colors is sufficient for any single display. 64 
colors (6 bit-planes) is extremely good. 256 
colors (8 bit-planes) is definitely a luxury. 


It's clear that the memory speed and memory 
density, which are direct functions of the color 
and screen resolution, play a large part in the 
feasibility of a bit-mapped system. For that 
reason, the enormous gains and technologi- 
cal advancements in the field of memory 
design have made bit-mapped raster-scan 
graphic systems the best choice for both cost 
and performance. 
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Figure 4. Monochrome Bit-Map With Direct Conversion to Display 
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Figure 5. Color Bit-Map With 16-Word Color Look-Up Table 


ISSUES FOR GRAPHIC DISPLAY 
SYSTEMS 


Making the DAC Fit the 


Application 

When designing graphic display systems, 
there are many decisions to be made in 
specifying the hardware and software needed 
for a system. What kind of speed is necessary 
in a given application? What kind of resolution 
will the users of the system require? Is color 
needed or will monochrome be adequate? If 
color, how many colors? Will images be 
viewed in two or three dimensions? How 
much memory is needed? How should the 
microprocessor/CRT controller/video DAC/ 
frame buffer be matched with the rest of the 


February 1987 


system? What's the best type of software for 
a particular application? and on and on... 


These questions could form the subject of an 
entire book and so will not be discussed in 
detail. This section will, however, discuss the 
few issues needed in the selection of the 
proper video DAC for a system. 


Display Resolution vs Bit Resolution 
When the quality of a display terminal is being 
evaluated, one primary consideration is the 
kind of resolution it has. There are two 
different types of resolution: display resolu- 
tion, which is determined by the monitor and 
cannot be changed by the design; and bit 
resolution, which is dependent on the design 
of the video DAC used. 
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Display resolution determines how many pix- 
els can be projected onto the monitor at any 
one time. (Actually, only one pixel is displayed 
on the screen at a time, in rapid succession). 
Table 1 shows commonly-used screen reso- 
lutions corresponding to various applications. 


However, since each pixel must correspond 
to a memory element, the more pixels per 
screen the faster the DAC and video RAM 
must be in order to write the information to 
the screen fast enough to avoid flicker. This 
imposes speed requirements that have to be 
satisfied. 


The other type of resolution, bit resolution, 
depends on the type of DAC used. The 
number of bits converted also determines the 
size of the color palette which is the number 
of possible colors that can be displayed. This 
should not be confused with the number of 
colors displayed at once (see Section on 
Color Look-Up Tables). Assuming that the 
monitor is an RGB-type, the bit resolution, n, 
must be multiplied by 3 to get the total bit 
resolution, 3n. Taking this number as gen 
gives the size of our color palette. Table 2 
shows common bit sizes for video DACs with 
their corresponding palettes. 


It should be clear that, if imaging is the goal, a 
higher bit resolution gives access to the 
assorted tones and mixtures of colors that 
make color graphics as realistic as possible. 
The major problems associated with higher- 
resolution DACs are that they are larger and 
more complex than lower-resolution DACs 
and tend to take longer for their signals to 
settle. This has a direct effect on selection of 
the proper DAC for a particular system be- 
cause of the DAC's bandwidth and because 
of the need to weigh advantages and disad- 
vantages of higher and lower bit resolutions. 


For a low-end personal computer graphics 
screen on which the pixels can actually be 
seen at arm's length, it makes little sense to 
have a bit resolution that shows flesh tones 
because the benefit of the large palette is 
defeated by a screen that shows jagged 
edges. On the other hand, having a high 
screen resolution with a limited amount of 
colors does not defeat the purpose in the 
same way —if many colors aren't needed. 


Integrated circuit layout, for instance, may not 
require thousands of colors — only enough to 
distinguish 12-15 masks; but sharply de- 
fined edges and zooming ability are needed 
to examine the circuit. The need for this user 
could be a bit resolution of 2 (64 colors) and a 
display resolution of 1024 x 1280. 


For all this talk of colors and bit resolution, 
monochrome should not be totally ignored. 
After all, people got along fine with black and 
white TV for years before color came along. 
For applications such as word processing or 
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Table 1. Display Resolutions With Applications 


DISPLAY RESOLUTION APPLICATION 


1024 x 1500 High-end graphics terminals (3-D Imaging) 


1500 < 1500 High-end graphics terminals 


2048 X 2048 High-end graphics terminals (photo quality) 


Table 2. Bit Resolution With Palette Size 


[airs/oac | AGB | PALETTE size [APPLICATION 
ae a ae Digital RGB, "rainbow colors" 

2 | 6 | 64 | Some home and personal compute 
[4 [2 | #006 [ootor worstatons, CAD/GAE 
8 | 8 | 28a4s | Hihrend CAD/CAE, modioal imaging 
[8 | | 167216 | Photographic qaly reproduction 


Table 3. Display Resolution With Minimum DAC Speed 


1500 x 1500 2,250,000 180MHz 
2048 X 2048 4,195,000 330MHz 


1024 X 1280 1,311,000 105MHz 


circuit design, monochrome is fine. To 
achieve different shades of black and white, 
no chrominance operation is necessary. All of 
the bit resolution can be done with one DAC 
to operate on the luminance, or brightness 
signal. In this case, the brightness resolution 
can be said to be 2". Remember, the decision 
to go with color or monochrome does not rest 
upon the designers of the graphics board. A 
monitor is either color or monochrome to 
begin with. Adding a color video DAC won't 
change that. 


DAC Speed 

The DAC's update rate or bandwidth is a 
crucial consideration in choosing a DAC if the 
type of monitor has already been specified. 
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For raster-scan systems, a few calculations 
can be made to determine the minimum 
speed required for the DAC. 


First of all, assume that the screen needs to 
be refreshed at 60Hz to avoid flicker. To 
account for the electron beam going back to 
the top to start the next frame, assume that 
the retrace time is 30% of the drawing time. 
Multiply the frame rate by 1.3 to account for 
the retrace. Thus, the minimum bandwidth for 
the DAC would be determined by the follow- 
ing formula: 


Speed (Hz) = 1.3 (retrace factor) 
x # pixels X 60Hz (frame rate) 
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For the screen resolutions noted earlier, a 
new table can be generated for the minimum 
DAC speed required (see Figure 8). 


For the 60Hz frame rate, the screen is proba- 
bly not interlaced. Interlacing the screen at 
30Hz would give the same effect because 
interlacing gives the illusion that the screen is 
being refreshed at a faster rate. The DAC 
would only have to operate at a quarter of the 
speed of the 60Hz non-interlaced rate be- 
cause only half of the lines are being drawn at 
a speed that's half the 60Hz frame rate. This 
is how scanning operates under the NTSC 
television standard. The FCC says that televi- 
sions can't refresh the screen faster than 
30Hz, so interlacing was developed to get 
around it. There are no such restrictions in 
graphics monitors. In fact, there are monitors 
that have horizontal scan rates as much as 4 
times faster (65kHz) than that for television 
(15.75kH7z). 


Color Look-Up Tables: Yes or 


No? 

As mentioned in the Bit-Mapped Graphics 
section, graphic systems may have direct 
conversion from a bit-map or they can use 
color look-up tables (CLUTs). It should be 
pointed out that one is not necessarily faster 
than the other. Speed depends primarily on 
the system. A fast CLUT is of no use if the 
external frame buffer can't load a new set of 
colors into the CLUT during the retrace time 
(horizontal or vertical). A video DAC without 
the CLUT may be faster since it can bypass 
the memory accesses needed for the CLUT, 
but, as seen in the Bit-Mapped Graphics 
section, the extra cost of the bit-planes (1 
million additional bits for a 1024 x 1024 dis- 
play) may be excessive, and accessing the 
additional planes may produce some design 
problems. 


If a CLUT is needed, the size of the CLUT 
should also be a major consideration. Each 
bit-plane added requires 2" more memory 
cells. Constraints on die-size and power re- 
quirements become apparent. Also, one must 
ask whether one needs 16, 32, 64, 128, or 
256 colors on every line. This depends on the 
color resolution desired for the entire screen. 
An easy way to determine the system needs 
is to picture the most common scene that 
would be displayed. The general rule is that 
the more complex and three-dimensional the 
images that are required, the more variations 
and shading are needed to truly represent 
them. Conversely, if the image is simple and 
two-dimensional, fewer colors would be need- 
ed. An example of the former would be 
geological formations. For the latter, consider 
the colors of flags of the world's nations. 
Almost all of them can be displayed with a 
CLUT of 16 colors. Remember, this refers to 
the number of colors needed at any one time. 
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No flag has more than 16 colors. The range 
of colors available for display after CLUT 
refresh depends on the color resolution or the 
number of data bits for each pixel. 


Gamma Correction 

A problem encountered in both television 
systems and in display monitors in general is 
the gamma effect. This is due to the nonlinear 
relationship between light output and the 
signal voltage applied to a cathode-ray tube. 
Although it would be desirable to have the 
luminous output of the phosphors on the 
display to vary directly with the changes in the 
signal applied to it, they usually do not. Each 
monitor has its own characteristic, but the 
international convention is to assume that the 
fractional value of the luminous output can be 
approximated by raising the percentage of 
display signal input to the 2.2 power. For 
example, a 60% of full-scale input signal will 
result in 33% of the full-scale luminous output 
(0.67 = 0.33). 


In Figure 6, the monitor does not respond 
linearly for a linear input signal. Adding a 
gamma correction circuit can take care of this 
problern. 
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Figure 6. Monitor and System 
Response With Gamma Correction 


In the television industry, correction for this 
non-linearity takes place at the camera as the 
image is recorded. The camera takes the 2.2 
root of its full-scale fractional value. This 
cancels the gamma effect and produces a 
linear system response. 


In graphics systems for which the image is 
generated from digital information, DACs con- 
vert the digital information into a voltage that 
drives the guns of the CRT. Basically, the 
systems designer has three choices: 


1. Correct for gamma in the software. This 
can be done by using the 2.2 power/root 
compensation to pixel values before they 
are stored into the frame buffer. This 
could be an expensive addition to the 
software and might slow the overall sys- 
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tem because of the added computation 
time. 


2. Apply analog gamma correction in the 
hardware. The correction factor could be 
done with additional circuitry to the out- 
put of the DAC before it drives the 
monitor. As mentioned before, this pre- 
sents an additional hardware overhead. 
This is not done, however, without some 
risks. Since every monitor has individual 
characteristics, the resulting correction 
would not look the same on every moni- 
tor. 


3. Ignore the whole subject and accept the 
non-linearity of the luminous output as a 
characteristic of the system. Since most 
graphics applications are for the genera- 
tion of images for specific problems and 
not for the lifelike reproduction of scenes 
(although it would be desirable), a gam- 
ma correction mechanism is unneces- 
sary. 


This last approach seems to be the most 
prevalent solution since few, if any, DACs 
contain gamma correction circuitry. When 
graphics software designers select their col- 
ors, they do so for the best visual perfor- 
mance. This fine-tuning for colors and shad- 
ing is really software gamma correction be- 
cause they can select the digital information 
needed for colors and intensity and see the 
results from the other side of the monitor. 


CIRCUIT FEATURES AND 
OPERATION 


This section covers the basic features and 
operation of the NE5150/51/52. The first two 
sections briefly discuss RS-170 and RS- 
343A, the standards for color and mono- 
chrome video systems. The next section 
covers the composite video signal (CVS) that 
is specified in the two previous standards. 


RS-343A and RS-170 

RS-170, the Electrical Performance Stan- 
dards for Monochrome Television Studio Fa- 
cilities, and RS-343A, the Electrical Perfor- 
mance Standards for High Resolution Mono- 
chrome Closed Circuit Television Cameras, 
were issued in November 1957 and Septem- 
ber 1969, respectively, by the EIA (Electronic 
Industries Association). The specifications 
outlined in RS-343A determine the voltage 
levels required for the part. 


Composite Video Signal 

Shown in Figure 7 is a section of a composite 
video signal. With the exception of the 
BRIGHT function, the levels and tolerances 
are specified by RS-343A. 


Sync, Blank, and Setup 
The sync signal is situated 286mV (40 IRE) 
below the blanking level which lies 714mV 
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(100 IRE) below the reference white level 
(next section). The sync signal synchronizes 
the monitor horizontal and vertical scanning. 
This, and the rest of the composite video 
signal, is not to be confused with the compos- 
ite sync signal which is often used for a 
combined horizontal and vertical sync signal. 


The blank level lies just below the reference 
black level, separated by an amount known 
as the setup. The difference between refer- 
ence white and the blanking level is defined 
as 100 IRE. Applying the blanking level volt- 
age to the monitor input will reduce the CRT 
electron beam current so that there will be no 
visible trace of the electron gun on the 
phosphor. 


For television, the setup is defined as the 
ratio between the reference white and the 
reference black level measured from the 
blanking level. It is usually expressed as a 
percentage. Basically, it's the difference be- 
tween the reference black level and the 
composite blanking level. RS-343A has set 
the limits of the setup as 7.5 +5 IRE. Any 
value between 2.5 to 12.5% of the blanked 
picture signal can be designated as the setup 
(2.5-12.5 IRE or 17.85-89.25mV). Since 
the full-scale range of the video signal repre- 
sents 100 IRE, a percentage of the signal is 
synonymous with its IRE value. For the 
NE5150, the setup is 71mV or 10 IRE. 


Reference Black and White 

Reference black and white correspond to the 
signal levels for a maximum limit of black and 
white peaks. White corresponds to having all 
color guns on and black to having all guns off. 
The gray scale, which refers to the rest of the 
color values and contains a majority of the 
signal information, is defined by the amplitude 
between reference white and reference 
black. Since the reference white to blanking 
level is fixed at 100 IRE, the reference black 
level is determined by the setup. Since the 
setup can be between 2.5 and 12.5 IRE, the 
gray scale range must reflect those toler- 
ances and so has a range of 92.5 +5 IRE 
(660.5mV +35.7mV). 


To allow for a BRIGHT function, the NE5150/ 
51/52 family of video DACs were designed 
for a full-scale range (blank to reference 
white) of 675mV (about 94 IRE) and a gray- 
scale range of 643mV (about 90 IRE). Using 
the BRIGHT function adds 71mV (10 IRE) to 
the reference white value. 


For instance, in a 12-bit system like the 
NE5150/51/52, using 4 bits/DAC would en- 
able us to resolve the gray scale range into 
16 parts. For the NE5150, that would be 
about 40.1mV (5.6 IRE) = 1 LSB. For 6 bits, 
64 parts could be resolved, and for 8 bits, 256 
parts. 
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Figure 7. RS-343A Video and Sync Levels 


NE5150/NE5151/NE5152 LOGIC TABLE 


[sync [Stank] WHITE BRIGHT] DATA [ADORESS|OUTPUT®| CONDON | 
xX 0 


[0000] 
[0000] 
[1111] 
[1111] 


41 
1 
0 
0 
0 
0 
0 
0 
0 
0 


o oo OOo KK 
oo °o0lcUoOoOlUrt he KK 


NOTES: 


SYNC! 

Enhanced SYNC’ 
BLANK 
Enhanced BLANK 
WHITE 

Enhanced WHITE 
BLACK (FS) 
Enhanced BLACK 
(EFS) 

WHITE (ZS) 
Enhanced WHITE 
(EZS) 


1. Green channel output only. RED and BLUE will output BLANK or ENHANCED BLANK (BRIGHT ON) under 


these conditions. 


2. For the NE5150/5152, the DATA column represents the memory data accessed by the specific address. For 


the NE5151, the DATA is the direct digital inputs. 


3. Note output voltages in Logic Table are referenced to Vcc for the NE5152 only. 


Device Description and 


Operation 

Corresponding to the RS-343A requirements 
outlined in the previous section, the logic 
table indicates the output voltages given the 
digital inputs shown. Although the output 
voltages for the DACs are shown, the user 
should also know what is happening to the 
circuit and how the priority given to each 
function influences the output. [All ones 
(1111) is called zero-scale (ZS) and all zeroes 
(0000) is called full-scale (FS).] 


The BLANK command presets all the latches 
to all zeroes (0000) and sends the output to 
its blanking level of 100 +5 IRE below refer- 
ence white (-71mV) or about -746mV. When 
BRIGHT is on (a '1'), the output is raised 10 
IRE (71mV or Yeth of full-scale) to -674mV. 
BLANK overrides WHITE and is overridden 
by SYNC. 


The WHITE command presets the latches to 
all ones (1111) and outputs -—71mvV to all 
DACs. When the BRIGHT command is on, 
this value is raised to OV. WHITE will be 
overridden by both SYNC and BLANK. 
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The SYNC command presets all of the 
latches to zeroes and turns on the BLANK 
switch. In addition, it turns on a 40 IRE switch 
(drops voltage 286mV) in the GREEN chan- 
nel only. So the GREEN channel sits at 140 
IRE down and the RED and BLUE channels 
will be 100 IRE below ground. 


The BRIGHT command turns off one current 
switch within the circuit and adds 10 IRE 
(71mV) to the output levels of all three guns. 
This comes in handy if using a cursor (option- 
al blinking) to brighten other parts of the 
screen. This switch cannot be overridden by 
any other switch. 


Referring to the pinouts of both the NE5150/ 
52 and the NE5151 (see Figure 9), there are 
additional considerations. 


The WRITEg, WRITER, and WRITEg pins are 
the write enable pins for each of the 16 x 4 
memories in the CLUT. When these pins are 
pulled High, the memory is then in the READ 
mode. This is the normal mode of operation. 
To write to the memory, one of the pins must 
be pulled Low. The data on DO - D3 will then 
be written to the memory location AO - A3 of 
the corresponding WRITE pin. 
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CD09570S 


Figure 8. Pinouts of NE5150/52 and 
NE5151 


STROBE is the main system clock and syn- 
chronizes all digital operations on the DAC. 
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The strobe is ECL and TTL compatible and 
demands no special drive requirements. The 
positive edge of STROBE clocks the latches. 


The GREEN, RED, and BLUE pins are the 
analog outputs of the DACs. The DACs are 
voltage output and need no external compo- 
nents (75Q resistors are on-chip). The output 
voltage range is approximately 0 to -1V and 
is independent of the input logic (either TTL 
or ECL). 


The DATA and ADDRESS bits are designated 
so that DO and AO represent the most signifi- 
cant data and address bits (MSB), respective- 
ly. Similarly, D3 and A3 correspond to the 
least significant data and address bits (LSB). 
Since the NE5151 has no CLUT, there is no 
need for the address pins (4) or the write 
enable pins (3). Adding the NC (no connec- 
tion) pin (1) gives the eight additional input 
pins for two 4-bit DACs. The original data bus 
now carries the logic for the RED gun. 


Analog and digital ground (Agnp and Denp) 
should always be connected together in any 
configuration and should not have more than 
50mV of potential between them to insure 
proper operation of the device. The next 
section will cover connection of Voc and V_eeg, 
in addition to Agnp and Denp, on different 
system configurations. 


DIGITAL Vec 
INPUTS 
Agno 


Vay = 14V 
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Using Different Logic and Supply 
Voltages 

Different users have different needs. Some 
have access to dual supplies, other only to 
single-ended supplies. Signal logic may be 
TTL or ECL. In any case or configuration, the 
NE5150/51/52 family can be used. The fol- 
lowing configurations cover most cases. 


Explanation of the configurations are as fol- 
lows: 


A. Case A shows a basic ECL configuration 
for the NE5150 and NE5151. The signal 
voltage is basic ECL with a -—1.3V thresh- 
old and is powered from ground and —5V 
(or —5.2V). Since the TTL buffers are no 
longer needed, Vcc is tied to analog and 
digital ground (Agnp and Denp), excluding 
the buffers from the circuit. 


B. In some cases, people use ECL logic but 
run it off a single supply, +5V and ground. 
In this case, operation is the same except 
that the supplies are shifted up 5V. In this 
new ECL mode, the threshold -1.3V is 
moved up by 5V to +3.7V. ECL operation 
is not available for the NE5152. 


C.For TTL operation in the NE5150 and 
NE5151, dual supplies are normally need- 
ed. If available, standard TTL-level signals 
with a + 1.4V threshold (between a logic '1' 
Low of 2.0V and a logic '0' High of 0.8V) 
can be connected directly. 


VrH =3.7V 


—50OR 5.2V 


Viy = 3.7V 


Figure 9. Video DAC Modes of Operation 
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D.In some situations, a dual supply is not 
available. Single-supply TTL operation is 
made possible by making similar connec- 
tions and by pulling up the inputs of each 
pin with a 10kQ2 resistor connected to 
Voc = + 5V. This is necessary because the 
threshold is now 3.7V. 


E. Case (D) necessitated the construction of 
the NE5152, which has only one mode 
using a single 5V supply and accepts TTL 
inputs. Agnp and Denp become Vcoca and 
Vocp and are tied to Vcc. 


In some cases, a single supply is used and 
the internal ECL mode has been shifted up 
to the positive supply; the output voltage 
will be swinging from OV to -1V, but, 
referenced from Voc = + 5V, it will swing 
from 5V to 4V. If the monitor accepts only 
positive sync pulses or video information, 
DC-offsetting the outputs or AC-coupling 
them with 1uF capacitors would make the 
signal acceptable to the monitor. 


Since the outputs have internal 752 resistors, 
the monitor should have a 75Q2 resistor to 
ground in order to doubly-terminate the cable 
and to prevent reflections. 


Unused Inputs 

For ECL mode (NE5150), any unused inputs, 
regardiess of desired permanent stage, 
should be tied to a fixed-level output of an 
unused gate. 


Von =14V 


BD09571S 


Signetics Linear Products 


Application Note 


NES150/51/52 Family of Video Digital-to-Analog Converters 


AN1081 


BLOCK DIAGRAMS 
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NE5152 
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Figure 10. NE5150/51/52 Block Diagrams 
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Circuit Description 


As can be seen from the block diagrams in 
Figure 13, the only difference between the 
NE5150/52 and the NE5151 is the lack of a 
color look-up table on the NE5151. Bypassing 
the CLUT with its assorted address decoding, 
sense amplifiers, and read/write logic en- 
ables it to not only use 200mW less power, 
but also to increase its update rate to 
150MHz. 


The NE5151 is basically the same die as the 
NE5150/52, with the exception of a metal 
mask option that permits it to bypass all of the 
circuitry associated with the CLUT. It is also 
bonded differently to enable all 12 bits to be 
loaded into the DAC at any one time instead 
of being multiplexed 4 bits at a time to the 
NE5150/52 CLUT. 


DAC Reference 

The need for separate references for the 
DACs resulted from the problems associated 
with glitching and crosstalk between the 
DACs. When one DAC maintains a constant 
value through pixel updates, while another 
undergoes major transitions such as the 1111 
to 0000 on/off switching of currents through 
the DAC, feedthrough can be expected if all 3 
DACs derive their reference voltage from the 
same source. Having separate references 
solves this problem. It also isolates the DACs 
from each other and the other parts of the 
Circuit. 


The reasons for choosing the DAC shown in 
Figure 12 are its simplicity, the bandgap's 
insensitivity to temperature variations, and its 
excellent supply rejection (PSRR) through 
high frequencies. It consists of a PTAT cur- 
rent source supplying a bandgap reference. 
The output of the bandgap is approximately 
-1.2V. 


To provide the bias for the different current 
sources on each of the DAC stages, the 
circuit uses a control amplifier that provides 
negative feedback to maintain its stability. BIT 
and its complement drive the differential pair 
that (along with QS2) makes up one part of 
the DAC. The bandgap drives the current 
sources through the control amplifier. If the 
bias line voltage should rise or fall, the 
negative feedback in the QS1 and QS3 cur- 
rent path would correct for it. 


The control amplifier consists of a transcon- 
ductance stage driving an emitter-follower. 
The output of the emitter-follower provides a 
low-output impedance line that drives QS4. 
The inclusion of QS4 prevents switching tran- 
sients from degrading settling time. The con- 
trol amplifier has a 60MHz unity-gain band- 
width, providing power supply rejection up 
into the VHF range. 
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Figure 11. Bandgap Reference for DAC (1 of 3) 


Digital-to-Analog Converters 

The three DACs consist of differential pairs 
that are switched on or off depending on the 
value of the bits. Each of the transistors 
switches a different amount of current de- 
pending on the significance of each bit (see 
Figure 13). Although only one transistor is 
shown for each bit, the circuit actually has 
several transistors in parallel to get the re- 
quired current. In this case, B3 is the least 
significant bit since it switches the least 
amount of current and would produce the 
smallest voltage drop across the 7522 load 
resistor. The reverse is true for BO, the most 
significant bit, since it draws the most current. 


So for all bits low, 0000, all of the current 
would go through the load resistor, bringing 
the output voltage to its lowest point. If all 
three DACs are low, this would correspond to 
reference BLACK. All bits high, or 1111, shunt 
current away from the load and leave the 
output voltage at reference WHITE. Different 
combinations of bits give 16 values between 
WHITE and BLACK. One additional 2mA 
switch is turned on by the input value of 
BRIGHT, which level-shifts the output by Yeth 
the full-scale value, or about 10%. The 
BLANK and SYNC pins work in a similar 
manner. Refer to the Logic Table beside 
Figure 8 for the output voltages for each of 
these functions. 


Some of the problems associated with DACs 
can be attributed to switching glitches, usually 
measured in terms of glitch energy. Glitching 
occurs when digital switching of the transis- 
tors causes spikes onto the collectors of the 
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current sources to each of the differential 
pairs. These current spikes charge the collec- 
tor-base capacitance, Cjc, of the collector 
transistor, and result in a slower settling time. 
The asymmetrical turn-on/off behavior of bi- 
polar transistors and mismatched load bit- 
wiring capacitances also contribute to glitch- 
es. This can also be seen as an overshoot of 
the waveform, a ‘'glitch'’ on the rising or 
falling edge of what should look like a square 
wave. Signals that overshoot the desired 
analog output level consequently take longer 
to settle to their final value. The measure of 
this overshoot is the glitch energy, usually 
given in pV-sec. The units do not actually 
work out as units of energy or Joules, which is 
C-V (Coulomb-Volts), but result from measur- 
ing the area of the glitch [Area = Height 
(V) < Width (psec)]. 


The NE5150/51/52 resolves this problem by 
putting the current sources in series with 
another set of transistors (see Figure 14). The 
stage below the differential pair is then biased 
by a low-impedance line which reduces the 
effect of the current spiking. The biasing for 
the lower transistor comes from the control 
amplifier mentioned in the DAC Reference 
Section. 


Video DAC Timing 

For the NE5150 and NE5152, the presence 
of the memory dictates both a READ and a 
WRITE cycle, whereas the NE5151 needs 
only one diagram. The explanation of each of 
the waveforms can be found in the timing 
glossary. For the guaranteed specifications, 
the user is referred to the data sheet. 
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NE5150/52 (With CLUT) 

In the NE5150/52 READ cycle, the COM- 
POSITE signal refers to either the WHITE, 
BRIGHT, BLANK, or SYNC signals. The read 
composite hold time, tacn, is defined from the 
rising edge of the strobe to the end of the 
composite pulse. This is the required time the 
composite signal must remain on the bus for 
latching. The time between the end of the 
composite pulse to the next rising edge of the 
strobe defines the read composite setup time, 
tacs. This is the same as the read address 
setup time, tras. The read DAC delay time, 
tapp, is the propagation time of the signal 
through the device clocked from the strobe to 
the 50% change of the DAC output. 


In the WRITE cycle, twas, the write address 
setup time is defined by the start of address 
to the falling edge of the write enable strobe. 
At the end of this time, data can be written to 
the CLUT. Both ADDRESS and DATA must 
remain latched until they reach the rising 
edge of the WRITE ENABLE. This defines the 
WRITE ENABLE pulse width, twew. The data 
should also be latched at the same time as 
the address. The start of the data (and 
address) to the end of the write enable pulse 
is defined as twps, or the write data setup 
time. After the write pulse finishes, an ad- 
dress and data hold time is also specified. 


NE5151 (No CLUT) 

Since the NE5151 has no memory for the 
signal to propagate through, it typically has a 
faster conversion time. As can be seen from 
the pinouts, the three 4-bit words enter the 
DAC simultaneously as opposed to the se- 
quential 4-bit loading scheme used in the 
NE5150/52. With no memory, there's no 
need for READ or WRITE cycles and so there 
is only one standard timing diagram. (See 
Figure 16). 


This timing diagram is similar to the READ 
cycle of the NE5150/52 with the exception 
that addresses are not clocked to the CLUT; 
instead, data bits are sent directly to the 
DACs. In this case, tpy is analogous to the 
address hold time in the NE5150/52. All 
other definitions are analogous to the earlier 
READ case. 


WORKSTATION APPLICATION 


Introduction 

This section describes the design of a color 
graphics interface for the Modula, Inc. Lilith 
Workstation. The workstation initially loads 16 
colors (it only requires 16) into the NE5150's 
color look-up table. After the colors are load- 
ed, the workstation then generates addresses 
to the look-up table. The entire color range 
(4096) is not required in this application. 
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Figure 12. Negative Feedback Referenced to Bandgap 


Figure 13. Simplified Schematic of DAC (1 of 3) 


The LILITH Workstation 

The Lilith Workstation is a 16-bit workstation 
manufactured by Modula, Inc. It was originally 
designed by Niklaus Wirth and his students at 
the Swiss Federal Institute of Technology 
(ETH). The Lilith is a Modula-2 computing 
engine. In its original package, the Lilith 
includes 256kB of memory, a 15MB Winches- 
ter disk drive, a floppy disk, a mouse, and an 
832 < 640 monochrome graphics tube. 


The Signetics Logic Design Group in Orem, 
Utah, has modified the Lilith by adding 2MB of 
memory and a high-resolution 1024 x 1024 
color monitor. The changes made to the Lilith 
graphics section comprise the bulk of this 
application description. Benchmarks of the 
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modified workstation have shown that its 
performance on applications ranging from 
matrix multiplications to complete circuit anal- 
ysis is approximately half as fast as a VAX 
11/780 minicomputer. In addition to the cir- 
cuit simulator used, the Signetics-modified 
Lilith also supports a layout editor, SLED, that 
uses about 10,000 lines of Modula-2 source 
code. More detailed information on the Lilith 
can be obtained from the manufacturer and 
from the articles listed in the reference sec- 
tion. 


For the purposes of this application, it is 
sufficient to know that the Lilith contains a 16- 
bit data bus for interaction with the 
SCC63484 Advanced CRT Controller and a 
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14-bit bus that is used to initialize the color 
look-up table in the NE5150 video DAC. 
Read/write, I/O lines, CLOCK, data acknowl- 
edge, and chip select signals are also sent to 
the SCC63484 for data and control purposes. 


Software Aspects (Pascal and Modula-2) 
Modula-2 is a superset of Pascal. Anyone 
with a working knowledge of Pascal should 
have no trouble programming a Lilith worksta- 
tion or in understanding the initialization pro- 
gram outlined in this section. Some notewor- 
thy features about Modula-2 and its influence 
on the architecture of the Lilith (the M- 
machine) is the fact that the Lilith instruction 
set (M-code) has only 256 carefully chosen 
instructions. This limits any instruction to a 1B 
length and increases the speed of operation. 
The Modula-2 language constructs map neat- 
ly to M-code. There are no excess instruc- 
tions to add extra baggage. For additional 
details, the reader is referred to the August 
1984 issue of BYTE magazine that contains 
several good articles on Modula-2. 


Considering each '1' as ON and each '0' as 
OFF, the binary values for each color can be 
specified for each of the respective guns. 
Starting from the top, all guns OFF = BLACK. 
Similarly, all guns ON corresponds to word 7, 
WHITE. In the software definition module 
used to load the values, two constants were 
declared: black =0 and white=15. These 
correspond to the addresses shown in the 
table and were predefined because of their 
frequent use. Single guns completely ON give 
1, 2, and 4—the primary colors RED, 
GREEN, and BLUE, respectively. 


System Hardware 

The basic system configuration for the color 
graphics interface is shown below. The Lilith 
workstation sends data to the SCC63484 and 
the NE5150. The information sent to the 
NE5150 is the data for the CLUT initialization. 
Control signals are sent to the ACRTC. The 
ACRTC in turn controls the video DAC. The 
frame buffer sends and receives data (via an 
address/data buffer stage) to and from the 
ACRTC for video DAC addressing. The 
ACRTC also provides horizontal and vertical 
sync to the CRT while the video DAC supplies 
the video information. One stage not shown is 
the address and data buffering for the frame 
buffer and the pixel stage. This stage, in 
addition to assorted logic and timing chips, 
merely facilitates functionality between the 
major blocks shown in Figure 22. 


The host microprocessor, system memory, 
and DMA control are local to the workstation 
and will not be described. The horizontal and 
vertical deflection sections are local to the 
CRT and will also be omitted. The rest of this 
section supplies an overall parts list and then 
describes each of the graphics blocks in 
somewhat greater detail. Although the actual 
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Figure 14. Low-Z Bias Line to Improve Settling Time of DAC 
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Figure 15. NE5150/52 READ and WRITE Cycle Timing Diagrams 


Figure 16. NE5151 Timing Diagram 


pin numbers have been omitted, the function- 
ality of each pin is shown for understanding. 
For actual pinouts and more detailed informa- 
tion, refer to the appropriate data sheet. 


Parts List 

The following parts were used in the design of 
the color graphics interface (the actual quan- 
tity of each part is not listed). The '"'F'' 
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designation stands for Signetics FAST-type 

logic. 

@ NE5150 Video DAC 

@ SCC63484 Advanced CRT Controller 

@® MB85103-10 64k X 8 Dynamic RAM 
modules (Fujitsu) 

@ 7404 Hex Inverter 

@ 7432 2-Input NAND Gate 
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@ 7474 Dual D-Type Flip-Flop 


® 74123 Dual Retriggerable Monostable 
Multivibrator 


@ 74138 1-of-8 Decoder/Demultiplexer 
@ 74F139 Dual 1-of-4 Decoder/Multiplexer 


@ 74F157 Quad 2-Input Data Selector/ 
Multiplexer (Non-Inverted) 


@ 74F161 4-Bit Binary Counter 


@ 74F164 8-Bit Serial-In/Parallel-Out Shift 
Register 


SYSTEM 
MEMORY 


® 74F166 8-Bit Serial/Parallel-in, Serial- 
Out Shift Register 


@ 74F245 Octal Transceiver (3-State) 

@ 74F373 Octal Transparent Latch 

® 7905 5V Voltage Regulator 

@ M1001 40MHz Crystal (MF Electronics) 
PC Board Layout Considerations 
Whenever dealing with high-frequency sys- 


tems, analog or digital, care must be taken 
with PC board layout in order to insure good, 
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reliable operation. Video DACs are hybrid 
devices in the sense that they are both 
analog and digital. They are also run at 
frequencies well into the RF range. This 
makes them especially susceptible to RF 
interference and different types of radiation. 
Signal traces should be kept as short as 
possible and 90° turns should be avoided. 
Power supplies should have adequate decou- 


pling. 
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Figure 17. Block Diagram of Color Graphics Interface 


More details are provided in the reference 
section under Reference Number 4, ''Getting 
the Best Performance From Your Video Digi- 
tal-to-Analog Converter'’. 


Functional Description 

The interface is designed to drive a Mitsubishi 
C-6919 or 6920 19-inch monitor. The monitor 
has 1024 X 1024 display resolution. Of 
these, 1024 < 768 pixels are actually drawn, 
giving us about 790,000 pixels, and, accord- 
ing to our earlier formulas, requiring a DAC 
with a conversion frequency of about 62MHz. 
That, however, assumes a non-interlaced 
display with a frame rate of 60Hz. This 
application uses a 30Hz interlaced display 
and so it needs only one-fourth that speed 
since it is drawing half as many lines at half of 
the frame rate. The pixel clock is derived from 
a 40MHz crystal. Other timing signals are also 
derived from the same crystal. 
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Table 4. Colors with Corresponding Bit Values 


fo) 


BLACK 
RED 
GREEN 
YELLOW 
BLUE 
VIOLET 
TURQUOISE 
WHITE 
GREY 
ORANGE 
AVOCADO 
LIME 

NAVY 
ROUGE 
LAVENDER 
PEA 


OnNooah WD — 


NOTE: 


The colors listed are for an application example only. The colors were randomly ordered and their gun and bit 
values in no way represent the de facto standard values or colors. 
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Figure 18. Circuit for Pull-Up to Vcc 


The interface uses a 512kByte frame buffer 
that is organized as 64k by 64-bit words. 
Within each 16-bit block of memory (1 of 4 
per word), there are 4 pixels of 4 bits each. 
Each bit supplies an address to the Color 
Look-Up Table in the Video DAC. The inter- 
face shifts out 64-bits or 16 pixels of informa- 
tion during each display cycle. 


In each of the following schematics certain 
pins have been pulled up to Vcc, indicated by 
an arrow. For each arrow pointing to PULL- 
UP, the connection goes into the pull-up 
circuit shown below. 


CpuLt is used for decoupling any power line 
ripple. Each point has a similar circuit. 
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ADVANCED CRT CONTROLLER 
The Signetics SCC63484 is a state-of-the-art 
device ideal for controlling raster-scan-type 
CRTs. It is a CMOS VLSI system that can 
control both text and graphics. One of the 
advantages of this part is its ability to do on- 
board graphic processing in its Drawing and 
Display Processor, relieving some of the com- 
putational overhead from the Lilith. 


Another attractive feature of the part is its 
flexibility. It has three different operating 
modes: character only, graphic only, and 
multiplexed character/graphic mode. In addi- 
tion, it offers three scanning modes: non- 
interlace, interlace sync (this application), and 
interlace sync and video modes. With 2MB of 
graphic memory and a maximum drawing 
speed of 2 million pixels/second, it can sup- 
ply the information to almost any type of high- 
resolution display (4096 < 4096 pixels maxi- 
mum). 


For additional information on the command 
set and a full listing of features, please refer 
to the data sheet and user's manual. This 
application note will concentrate on only the 
interconnections relevant to this application. 


In this configuration (Figure 19), the 
SCC63484 Graphics Controller provides the 
horizontal and vertical sync pulses to the CRT 
and important timing pulses to the address 
and data buffers. It supplies timing to the 
frame buffer, the pixel-shifting stage, and to 
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the frame buffer through direct and logical 

modifications made to the following system 

outputs: 

1. MRD— Memory Read or the Bus Direc- 
tion Control Line. This determines the 
bus direction for the Frame Buffer Data 
Bus. 

2. DRAW —the Drawing/Refresh Cycle 
pin. This differentiates between drawing 
cycles and CRT display refresh cycles. 

3. AS—Address Strobe. This provides the 
address strobe for demultiplexing the 
frame buffer/data bus (MADO/MAD15). 


4. MCYC—Memory Clock. Provides the 
frame buffer memory access timing. 
Equal to one-half the frequency of 2CLK 
signal. 

5. DISP1— Display Enable Timing. This is a 
programmable display enable timing sig- 
nal used to selectively enable, disable, 
and blank logical screens. 

6. MADO-MAD15—Address and Data 
Bus. Multiplexed frame buffer address/ 
data bus. 

7. MA16, MA17 — Address Bits/Raster Ad- 
dress Outputs. Gives the higher-order 
address bits for graphic screens and the 
raster address outputs for character 
screens. (lower 2 bits of MA16 —- MA19). 


@ 
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© DRAW | TO ADDRESS 
— }ANDDATA 

0 AS BUFFERING 
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Figure 19. SCC63484 Advanced CRT Controller 
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The 2CLK signal provides the main clock 
input to the SCC63484 and is derived from 
the pixel clock (see System Timing). 


The ACRTC also provides horizontal and 
vertical sync pulses directly to the CRT via 
the HSYNC and VSYNC outputs. 


In Figure 19, the 16-bit bus of the Lilith is 
connected directly to the data inputs. The 
Lilith also provides a write signal (DST) to the 
R/W input. The first 1/O line (I/OAQ) is 
connected to the RS (Register Select) input. 
In addition, there is a high-order I|/O bank 
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select, three lower-order address lines, and a 
negative true I/O clock that, used with the 
74138 Decoder, selects one of 4 devices: the 
ACRTC or 3 areas in the NE5150's color 
look-up table. 


On the ACRTC, a 74123 one-shot produces a 
reset pulse (RES) on power-up. The Data 
Acknowledge pin is not used and is pulled up 
to Vcc. 
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Figure 20. Address and Data Buffering 
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ADDRESS AND DATA 
BUFFERING 


The address and data buffer stage provides 
an interface between the SCC63484 and the 
rest of the circuit. This stage takes the 
address/data lines MADO —- MAD15 and sep- 
arates them into two blocks. The 74F373 
latches the upper bank for the addresses; this 
is the first bank. The second bank consists of 
74F245 transceivers in the lower bank for the 
data. 
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The 74F373s are used to latch the addresses 
at the beginning of every memory cycle. The 
latches are enabled by the AS signal coming 
from the ACRTC. Since the ACRTC is config- 
ured to increment its display addresses by 
four between display cycles, 4 words or 64 
bits are shifted out every cycle. For modifying 
memory cycles, the two lower address lines 
are used to enable one of four sets of 74F245 
transceivers (2 per set). Enabling is per- 
formed by the 74F139 Decoder. The signal 
that clocks the decoder is a combination of 
MCYC (Memory Cycle) and DRAW, that re- 
sults in a new signal, MACC. This signal is 
also used in the timing block. 


The transceiver outputs are now written into 
the frame buffer. From there, they will be sent 
to the pixel-shifting stage and then to the 
DAC. Each set of four 4-bit pixels in a serial 
string of displayed pixels is contained in a 
different block of memory. This is the reason 
the two lower-order address signals are used 
to select one of the four banks in the Video 
RAM (frame buffer). 


SYSTEM TIMING 
In a system as complicated as a graphics 
display board, the timing of the various ele- 
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ments grows exceedingly complicated as the 
number of components grows. It becomes 
even more apparent when the components 
are individual systems with their own set of 
timing considerations. In our case, this means 
the Lilith, the ACRTC, and the frame buffer. 


Figure 21 shows the many elements it takes 
to generate the timing signals for the system. 
In the middle of the diagram, there are two 
74F 164 8-bit serial-in/parallel-out shift regis- 
ters that count the timing states for the rest of 
the interface. The Address Strobe (AS) sig- 
nal, coming from the ACRTC, starts and ends 
this timing train. Because of the pulse width of 
AS, many states at the end of the train are 
unusable. The video RAM RAS signal (Row 
Address Strobe) starts at the beginning of 
State 1, and terminates as AS goes Low, 
activating the register's MR (Master Reset). 
The precharge requirement of RAS is met by 
the AS pulse width. 


The 74F157 Multiplexers are connected in 
such a way that the lower-order addresses 
are used for the video RAM row addresses 
(the 157 on top). At the beginning of State 3, 
the higher-order addresses are presented at 
the Video RAM address inputs as the column 
address. At State 5 the CAS signal becomes 
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MAA2, 10, 3, 11, 4, 12, 5, 13 


MAAG, 14, 7, 15, 8, MA16, 9, MA17 


Figure 21. Components for System Timing 
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valid. Because of changes in the data hold 
(WRITE cycle) and data setup (READ cycle) 
of the ACRTC, the timing edge of CAS might 
have to be changed to insure proper opera- 
tion. 


MRD (Memory Read) along with a combina- 
tion of MCYC and DRAW from the Address 
and Data Buffer called MACC, are used with 
the two lowest-order address lines from the 
74F373s (MAAO and MAA‘) to write-select 
one of the four memory planes (this memory 
plane runs orthogonal to the bit-planes dis- 
cussed earlier). Because this signal comes 
well before the CAS signal, this qualifies as 
an early WRITE cycle, allowing the use of 
DRAMs with Data-In and Data Out signals 
connected together. 


Using two flip-flops, the output of the lower 
shift register generates the PE (Parallel En- 
able) signal for the pixel-shifting stage. Be- 
cause it is clocked from the fifth point in the 
shifter, this pulse occurs between States 10 
and 11. 


The upper left-hand corner of Figure 21 
shows the creation of the 2CLK signal de- 
rived from the 40MHz pixel clock by using a 
74F161 Counter that performs a divide-by- 
eight operation. 
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PIXEL SHIFTING 

The pixel-shifting stage consists of 8 very fast 
74F166 Shift Registers divided into 4 banks, 
one for each address bit. These shift registers 
have maximum operating frequencies of 
120MHz. 


The data comes from the address and data 
buffering and the video RAM. The PE (Paral- 
lel Enable Input) signal from the system 
timing block activates the register, while the 
pixel clock, DCLK, strobes each of the regis- 
ters. All chips are permanently enabled by 
grounding their chip enable (CE) pins. The 
master reset (MR) is permanently disabled by 
tying it to a pull-up. 


The connection between the registers and 
the memory is such that all the bits of each 
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pixel are shifted out simultaneously before 
going to the 74F157 multiplexer. From there, 
they address the colors of the CLUT on the 
Video DAC. 


VIDEO RAM 

The phrase ''Video RAM" refers to a set of 
dynamic RAMs used as the memory section 
in this application. It is not meant to be 
confused with the Video RAM which is a 
dedicated device for video applications. 


The Video RAM or frame buffer section 
consists of 8 Fujitsu MB85103-10 modules. 
The 10 suffix signals a 100ns row access 
time. The cycle time is about 200ns, or about 
5MHz. This is fine because only the pixel 
clock has to travel at the high screen draw 


Figure 22. Shift Registers for Pixel-Shifting 
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speeds. These modules are SIPs (single in- 
line packages) and were used because of 
space considerations. Each module consists 
of eight 64k X 1-bit DRAMs, giving eight 
modules of 64k X 8 or a 64k X 64 buffer. 
This buffer is divided into four sections 
(64k X 16) that represent the four bits of 
address that are shifted out to the NE5150's 
CLUT. 


One can see how the frame buffer is set up to 
shift out data to the pixel shifter. The memory 
is divided into 4 banks that are write-selected 
by the WE1-WE4 pulses. Two modules 
(64k < 16 bits) make up one bank. This 
makes up the four 16-bit words that are 
shifted out. But where is the information for 
each pixel? Taking the 1st bank as an exam- 
ple, it can be divided into 4 quadrants: 
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Figure 23. Memory Configuration to Store Pixels 


M1D0-M1D3, M1D4-M1D7, register in the pixel-shifting stage, they turn each of the four banks of memory. Each 
M1D8-M1D11, and MiDi2-—M1D15. Each out to be each of the four quadrants in quadrant, then, corresponds to one pixel, and 
of these quadrants represents a dot. By parallel. Comparing diagrams reveals the all of the pixels for one bank are written out to 
tracking each dot in parallel back to the shift | same to be true for each of the quadrants in the shift register during a write cycle. 
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VIDEO DAC INTERFACE 

The interface to the NE5150 is shown in 
Figure 24. The 8-bit data bus comes from the 
lower 8 bits of the Lilith. The low 4 bits are 
connected directly to the Video DAC data 
inputs. Bits 4-7 are tied to the 74F157 
Multiplexer. This provides the address to the 
CLUT when it is initialized. 


The other set of inputs to the multiplexer 
comes from the pixel-shifting stage. After the 
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first CLUT initialization, all of the addresses 
come from the pixel-shifter. The inverters, 
NAND gates, and OR gates are used to delay 
the write pulses WRR, WRG, and WRB so 
that they fit into the address setup window. 
The chip select pulses come from the 74F138 
which are selected by the Lilith. I/OCLK 
clocks the 74138 and the OR gates for the 
chip select. 


DCLK drives the STROBE of the DAC and 
clocks the two D-type flip-flops which provide 


BUS3-BUSO 


74F157 


SELECT 


ENABLE 


Figure 24. NE5150 Video DAC Interface 
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the BLANKing signal. Both of these signals 
come from the ACRTC and the system timing 
section. The WHITE, BRIGHT, and SYNC 
inputs are not utilized and are connected to 
ground. Veg is run off a 7905 voltage regula- 
tor powered by a -—12V power supply. 


The capacitors to the monitor and voltage 
regulator are polarized with the positive end 
to the monitor for the RGB outputs and to 
ground for the regulator. The regulator uses 
Tantalum capacitors. 


TO PULL-UP 


BDO9561S 
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GLOSSARY 

This glossary consists of three parts: a sec- 
tion for graphics terminology, one for the 
timing of the NE5150 used in the Lilith works- 
tation application, and a list of references. For 
the glossary section, many analogies are 
made with television to clarify some terminol- 
ogy. 


GRAPHICS TERMINOLOGY 


ACRTC — Short for Advanced CRT Control- 
ler. A device that helps to interface a micro- 
processor or microcomputer with a monitor. 
Advanced refers to the Signetics ACRTC, the 
SCC63484, called advanced because of its 
ability to do most of its graphics computations 
on-board, thus relieving some of the workload 
from the microprocessor and increasing its 
overall efficiency. 


Bit-Map, Bit-Plane — A memory representa- 
tion in which one or more bits correspond to a 
pixel. For each bit used in the representation 
of a pixel, there is a plane on which it can be 
mapped. To represent each pixel by 4 bits, 4 
bit planes are needed. This is the case 
whether the bits store the actual data for the 
pixel or hold the address of the memory 
location containing the data. 


Blanking — The process of turning off an 
electron gun so that it leaves no trace on the 
screen as it returns to the left or top of the 
screen in a raster-scan system. Applies to 
both television sets and monitors. The period 
for the blanking is defined as the horizontal 
blanking and the vertical blanking interval for 
their respective cases. 


CRT — Short for Cathode Ray Tube, a type 
of electron tube that produces an electron 
beam that strikes the phosphor-coated 
screen, causing that screen to emit light. 


Chrominance — The color information sup- 
plied in a signal. While this information has to 
be extracted by color decoders in television 
(via phase differencing with a fixed-frequency 
subcarrier), in computer monitors and bit- 
mapped systems it is supplied digitally and 
then converted to analog to directly drive 
color guns. 


Color Look-up Table — Sometimes referred 
to as the CLUT, it is associated with a Video 
DAC and speeds system access of often- 
used colors. The time savings results be- 
cause a color can be generated by sending a 
CLUT address to the DAC instead of loading 
a word from external memory. Current CLUTs 
range in size from 16 to 256 words. Word 
length depends on the bit resolution of the 
DAC. 


DAC — Short for Digital-to-Analog Converter. 
Most DACs have a single output. Some have 
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as many as eight. RGB Video DACs have 
three — one for each of the primary colors. 
Video DACs typically operate at very high 
speeds since they have to supply a new piece 
of information for each pixel on the screen at 
rates of 30 to 80 times per second. 


ECL — Short for Emitter-Coupled-Logic. A 
fast, non-saturating form of bipolar logic that 
usually operates from 0 to -5.2V. It has a 
threshold of -1.3V. 


Frame Buffer — Sometimes used _inter- 
changeably with video RAM. A frame buffer is 
a large, fast-access store of memory that 
contains the digital information necessary to 
display part or all of a display. It is used in 
conjunction with bit-mapped graphic systems. 
It actually ''stores'' the bit-plane. 


Glitch Energy — The area displaced by an 
analog signal as it overshoots or undershoots 
its ideal value. This is a problem usually found 
in DACs. Units are usually given in pV-s. 
When glitch energy is high, settling times tend 
to be longer and may result in visual color 
aberrations on the screen. 


Hue — The actual color(s) on a monitor. The 
hue depends on the frequency of the light 
striking the human eye. For television trans- 
mission, it is determined by the video signal's 
phase difference with a color subcarrier refer- 
ence frequency. For computer graphics sys- 
tems, it is determined by the combination of 
binary values applied to the DAC. The resolu- 
tion of hue/colors is determined by the bit 
length of each word of information. 


Lilith — The brand name of the workstation 
manufactured by Modulo, Inc. of Provo, UT. 


Luminance — The brightness information in 
a video signal. A black and white (mono- 
chrome) monitor displays only variations in 
brightness. Only a luminance signal is being 
manipulated. The same holds true for televi- 
sion. Although chrominance information is 
also present in a television signal, B/W TV 
sets do not have the necessary decoders. 


Modula-2 — A language that is the superset 
of Pascal. This was also invented by Niklaus 
Wirth of the Swiss Technological Institute. 


NTSC — Short for the National Television 
Standards Committee, the ruling body for 
television standards in the United States. 
Other countries also use this standard as is, 
or with a different frequency for the color 
subcarrier. 


Orthogonal — Defined as being mutually 
perpendicular. The product of two orthogonal 
vectors is zero. In bit-mapped systems, the bit 
length of a word lies orthogonal to the plane 
itself. Hence, each plane supplies only one bit 
of information for each pixel. 
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Pixel — Short for "picture element''. The 
smallest resolvable element on a graphics 
display. Each pixel usually corresponds to at 
least one bit. The entire display is made up of 
a map of pixels. The term bit-map comes 
from the bit association. There is no equiva- 
lent in television. What is seen is the true 
analog representation of what is being re- 
corded by a camera and then retraced on 
horizontal lines. 


Raster-Scan — The form of visual display 
transmission used in all television sets and in 
most monitors. It consists of an electron 
beam tracing a path from left-to-right while 
going top-to-bottom. 


Saturation — The ''deepness"' of a color. 
Usually depends on the amplitude of the color 
signal in television systems. Red and pink are 
the same hue, but red is actually more 
saturated than pink. In graphics systems, 
there is no true equivalent. Changing bit- 
values changes the color itself. The closest 
analogy would be to raise or lower the volt- 
ages on all three color guns simultaneously 
(the BRIGHT function on the NE5150/51/ 
52). This would, however, depending on the 
amplitude change, give the impression of 
brightening or dimming the color (changing 
luminance) rather than saturating it. 


Sync — The voltage level specified in RS- 
343A as being 140 IRE (1V) below the 
enhanced white level (ground). It is also 40 
IRE (286mV) below the blanking level. Gener- 
ically it is also used to refer to vertical and 
horizontal sync pulses that synchronize the 
timing and movement of the electron beam 
on a CRT. It should not be confused with 
"composite sync’. 


Teletext — A form of data transmission via 
television signals. In many cases, digital infor- 
mation is sent during the vertical blanking 
interval (VBI). In some cases, it is sent during 
every retrace. This is known as full-field 
teletext. 


TTL — Short for Transistor-Transistor Logic. 
It has a threshold voltage of approximately 
1.4V and is the most widely-used form of logic 
in the world today. 


DEFINITIONS FOR NE5150/51/ 
52 TIMING DIAGRAMS 


This section contains explanations for the 
NE5150/51/52 Video DAC's timing diagram 
specifications. For the typical, minimum, and 
maximum values, please refer to Signetics' 
data sheet. 


twas — Write Address Setup (NE5150/52) 
twaH — Write Address Hold (NE5150/52) 
twos — Write Data Setup (NE5150/52) 
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twoH — Write Data Hold (NE5150/52) 


twew— Write Enable Pulse Width 
(NE5150/52) 


trcs — Read Composite Setup (NE5150/52) 
trcH — Read Composite Hold (NE5150/52) 
tras — Read Address Setup (NE5150/52) 
tran — Read Address Hold (NE5150/52) 


trsw— Read Strobe Pulse Width 
(NE5150/52) 


tapp — Read DAC Delay (NE5150/52) 
tcs — Composite Setup (NE5151) 

tcy — Composite Hold (NE5151) 

tps — Data bits Setup (NE5151) 

tpH — Data bits Hold (NE5151) 

tsw — Strobe Pulse Width (NE5151) 
tpp — DAC Delay (NE5151) 
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ta — DAC Rise Time (NE5151) 
ts — DAC Full-Scale Settling Time (NE5151) 
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8-Bit Multiplying DAC 


Product Specification 


Linear Products 


FEATURES 
e TTL input levels 
e Positive edge-triggered 


e Analog voltage output at 30MHz 
sampling rate 

e Binary or two's complement 
input 

e Output voltage accuracy to 
within + ¥2 of the input LSB 


APPLICATIONS 

e Video data conversion 

e CRT displays 

e Waveform/test signal generation 
@ Color/black-and-white graphics 


DESCRIPTION 

The PNA7518 is an NMOS 8-bit multiply- 
ing digital-to-analog converter (DAC) de- 
signed for video applications. The device 
converts a digital input signal into a 
voltage-equivalent analog output at a 
sampling rate of 30MHz. 


The input signal is latched, then fed to a 
decoder which switches a transfer gate 
array (1 out of 256) to select the appro- 
priate analog signal from a resistor 
chain. Two external reference voltages 
supply the resistor chain. 


The input latches are positive edge- 
triggered. The output impedance is ap- 
proximately 0.5kQ, depending upon the 
applied digital code. An additional opera- 
tional amplifier is required for the full 
bandwidth. Two's complement is select- 
ed when STC (Pin 11) is HIGH or is not 
connected. 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP (SOT-38WE-1) 0 to +70°C PNA7518N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING 
Supply voltage range (Pin 16) -0.5 to +7 


permis [wee | 

| Vag | Output voltage range (Pin 1) — range (Pin 1) | -05to+7 | Vv | 
[Pror | Total power dissipation | ato] 
[Tere | Storage tomperatwe range —=S=i«dt= ew TD | 


UNIT 
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PIN CONFIGURATION 


N Package 


TOP VIEW 
CD10200S 


PIN NO. SYMBOL DESCRIPTION 


Vao Analog output voltage 
Vretl Reference voltage LOW 
bit 3 

- : Digital voltage inputs (V)) 
bit 0 Least-significant bit (LSB) 
Ves Back bias 

Vss Ground 

VretH Reference voltage HIGH 
foik Clock input 

STC Select two's complement 
bit 7 Most-significant bit (MSB) 
bit 6 | 


bit 5 Digital voltage inputs (V)) 


bit 4 
Vpp Positive supply voltage 


OMANOOARWND — 
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BLOCK DIAGRAM 


DIGITAL VOLTAGE INPUT (V,) 


SELECT BIT BIT BIT BIT BIT BIT BIT BIT (+5V) 
TWO’s 5 6 7 
COMPLEMENT @ 


CLOCK INPUT “ 


(fork) 


REFERENCE 
VOLTAGE 
INPUTS 


TC11100S 


HANDLING 

Inputs and outputs are protected against 
electrostatic charge in normal handling. How- 
ever, to be totally safe, it is desirable to take 
normal precautions appropriate to handling 


MOS devices. facta: eet 


tpp 
WF15840S 


Figure 1. Switching Characteristics 
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8-Bit Multiplying DAC PNA7518 


DC ELECTRICAL CHARACTERISTICS Vpp = 4.5 to 5.5; Vsg = OV; Cgg = 100nF; Ta =0 to +70°C, unless otherwise 


specified. 


LIMITS 


mee a ts 
min | tye | Ma 


Supply (Pin 16) 


Reference voltages 


Digital input levels (TTL)! 
input voltage LOW 
input voltage HIGH 
input leakage current 


Clock input (Pin 10) 
input voltage LOW 
input voltage HIGH 
input leakage current 


Vit 
ViH 
IL 
ViL 
ViH 
lu 
Analog voltage output (Pin 1) 
Vao at Ry, = 200 kQ2) 


Bandwidth (-3 dB) at C_ =6 pF 


Output transients (glitches)? 
V6 Glitch occurring at step 7F-80 (HEX): LSB 
maximum amplitude for 1 LSB change area LSB ns 
Glitch occurring at step 00-AA (HEX): LSB 
maximum amplitude for 1 LSB change area ae ns 


Total power dissipation 
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8-Bit Multiplying DAC PNA7518 


AC ELECTRICAL CHARACTERISTICS Vpp = 4.5 to 5.5; Vsg = OV; Cpp = 100nF; Ta =0 to +70°C, unless otherwise 


specified. 


LIMITS 
SYMBOL PARAMETER 


Clock input (Pin 10) 
frequency 
pulse width HIGH 
pulse width LOW 
input rise time at foLK = 30MHz 
input fall time at fo_x = 30MHz 


Switching characteristics (Figure 1) 


tpaT 


a 


| tpp —_| Propagation delay time, input to output delay time, input to output | tok +15 | +15 | tok +22 + 22 | tou +30 + 30 


Settling time; 10 to 90% full-scale change; 
C, = 6pF; Ri = 200kQ2 


Settling time to +1 LSB; 
C, = 6pF; Ry = 200kQ2 


Linearity at RL = 200kQ22; Vo = 2Vp_p 
Influence of clock frequency” 


Cross-talk at 2 X fo_k 
amplitude 
area 


NOTES: 

1. Inputs Bit 0 to Bit 7 are positive edge-triggered and STC. 

2. Measured at Vaery - Vrert = 2.0 V; 1 X LSB = 7.8mV. The energy equivalent of output transients is given as the area contained by the graph of output amplitude 
(LSB) against time (ns). The glitch area is independent of the value of Vref. Glitch amplitudes and clock cross-talk can be reduced by using a shielded printed 
circuit board (see Pin Configuration). 
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DESCRIPTION FEATURES PIN CONFIGURATION 


The TDA5702 is an 8-bit digital to analog @ 8-bit accuracy 
converter (DAC) designed for video and Internal input register 
professional applications. The TDA5702 
converts the 8-bit binary-coded digital 
words into an analog output signal at a 
sampling rate of 25MHz. The design of Bietacrs: Malek 
the TDA5702 has eliminated the need ~ “gital +5V 
for an operational amplifier, buffer and ® Two complementary outputs 
deglitching circuit at the analog output. (Vout; Vout) 
@ No deglitching circuit required 
e Low power consumption; 
typically 300mW 


N Package 


e TTL compatible digital signals 
e Two voltage supply connections: 


e 16-lead plastic DIP TOP VIEW 
CD10840S 
APPLICATIONS PIN NO. SYMBOL DESCRIPTION 
1 REF Current reference loop 
e Video data conversion decoupling 
. ; AGND Analog ground 
e Color/black-and-white graphics Bit 3 
. Bit 4 
e CRT displays foLk  25MHz clock input 
‘ DGND Sigital d 
e Waveform/test signal generation Bit 8 Most significant bit (MSB) 
Bit 7 
ORDERING INFORMATION Bit 6 


Bit 5 


Bit 2 

DESCRIPTION TEMPERATURE RANGE ORDER CODE Bit 1 Least significant bit (LSB) 

; ; Voce Digital supply voltage 
16-Pin Plastic DIP (SOT-38) 0 to +70°C TDA5702N Vout Analog voltage output 


Vout Complementary analog voltage 
output 
Vcc: Analog supply voltage 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING 


Supply voltage 
at Pin 13 8 
at Pin 16 8 


Input voltage 
VIN at Pins 3, 4, 5, 7, 8, 9, 10, 11 and 12 
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BLOCK DIAGRAM 


BDO07421S 
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8-Bit Digital-to-Analog Converter TDAS702 


DC ELECTRICAL CHARACTERISTICS Voc: = Veco = 4.75 to 5.25V, Ta =0 to +70°C, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS 


[Botal sippy votage—=SC=~iwtS=C“‘éCé OC“ OCC 
[naieg spy vote [ted 
[aniog supoy caret 
[Reson SSCS 


Digital input levels 


Input voltage HIGH 


Min | pee 
Cis [ut votage tow 
a TY 
a 
Picea put ement cow 
Outputs* 

es [Ratsnievtags [we Veo d 
a a 
a a 
rN 
a a 
NOTES: 


1. See Figure 3. 
2. See Figure 2. 
3. See Figure 1. 


AC ELECTRICAL CHARACTERISTICS Vcc: = Voco = 4.75 to 5.25V, Ta =0 to +70°C, unless otherwise specified. 


TEST CONDITIONS 


Transient output (glitch) energy 
Pulse width? 


fot ee 
ree 
Tiss [Da soup ime ——SSSC=‘idSC“‘SOC*C“‘#SNSNSC*“‘#™A 
rte [Daw nosime dP 


1. See Figure 1. 


NOTE: 
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Figure 1. Timing Diagram 


AGND 


LD06320S 


Figure 2. Equivalent Analog Output Circuit 


DGND 


LDO6330S 


Figure 3. Equivalent Digital Input Circuit 
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DESCRIPTION 


The TDA8440 is a versatile video/audio 
switch, intended to be used in applica- 
tions equipped with video/audio inputs. 


It provides two 3-State switches for au- 
dio channels and one 3-State switch for 
the video channel and a video amplifier 
with selectable gain (times 1 or times 2). 


The integrated circuit can be controlled 
via a bidirectional |2C bus or it can be 
controlled directly by DC switching sig- 
nals. Sufficient sub-addressing is provid- 
ed for the I°C bus mode. 


ORDERING INFORMATION 


TDA8440 


Video and Audio Switch IC 


Product Specification 


FEATURES 


e Combined analog and digital 
circuitry gives maximum flexibility 
in channel switching 


e 3-State switches for all channels 


e Selectable gain for the video 
channels 


e Sub-addressing facility 


e IC bus or non-I?C bus mode 
(controlled by DC voltages) 


e Slave receiver in the I7C bus 
mode 


e External OFF command 


e System expansion possible up to 
7 devices (14 sources) 


e Static short-circuit proof outputs 


APPLICATIONS 

e TVRO 

e Video and audio switching 
e Television 

e CATV 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 


18-Pin Plastic DIP (SOT-102) 


ABSOLUTE MAXIMUM RATINGS 


Input voltage 
Pin 17 
Pin 18 
Pin 2 
Pin 11 
Pin 13 
Pin 6 


0 to 70°C TDA8440N 


-0.3 to Vcc 
-0.3 to Vcc 
-0.3 to Voc 
-0.3 to Voc 
-0.3 to Voc 
-0.3 to Voc 


Video output current Pin 16 
a temperature range -65 to +150 


Thermal resistance from junction to 
ambient in free-air 
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PIN CONFIGURATION 
N Package 


VIDEO IIIN [1 | 


OFF 
FUNCTION IN L24 
VIDEO INPUT [3 


16} VIDEO OUT 
14] AUDIO B OUT 


112} AUDIO A OUT 


AUDIO |, IN [9 | 


110} AUDIO Il, IN 


CD12511S 
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Video and Audio Switch IC TDA8440 


BLOCK DIAGRAM AND TEST CIRCUIT 


TDA8440 
1k OATHF og 
Be 
AUDIO!, Q 4g MHF 
AUDIO A OUT 


+ 
— @ 
= 1k 0.47 pF 10 4k 
+ 
AUDIO ll, 11 = . 
= 1k OATHF 
+ 
10 uF 
AUDIO |, . 7 
= AUDIO B OUT 
= 0.47 uF Y 
1k a 2 1k 
+ 
AUDIO II 13 = 
2 Ss, 
VIDEO | v 16 
6 VIDEO OUT 
cy) 
VIDEO It bl 
= TF 
8 6 
C4 = S2 
17 
OFF BUS a ‘ FC BUS 
RECEIVER SCL 
4 POWER 15 
ON Voc 


BD08740S 


NOTE: 
SO, S1, S2, and OFF (Pins 11, 13, 6, and 2) connected to Vcc or GND. If more than 1 device is used, the outputs and Pin 8 (bias decoupling of the audio inputs) may be connected in 
parallel. 
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Video and Audio Switch IC TDA8440 


DC ELECTRICAL CHARACTERISTICS Ty, = 25°C; Voc = 12V, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | tye | Max 


[Siow votege —SOCSC~=“‘*‘“*S*“‘“‘“‘*S*S*S*dSCSOSCdSCSC“‘“( WW 
[>| ma 


Supply current (without load) rd 37 


Video switch 


A3-16 Voltage gain (times 1; SCL=L) -1 0 +1 dB 
A3-16 (times 2; SCL =H) +5 +6 a dB 
Ai -16 Voltage gain (times 1; SCL=L) -1 0 +1 dB 
Ai-16 (times 2; SCL =H) +5 +6 +7 dB 


Mian omastah, alienation eo | 


BW Bandwidth (1dB) 


Crosstalk attenuation for interference caused by bus signals 
(source impedance 7522) 


Audio switch "A" and ''B" 


Vg -4 (RMS) 

V10-4 (RMS) 

V5-~—4 (RMS) Input signal level 
V7~—4 (RMS) 


29-4 


Z5=4 Input impedance 
£74 50 100 kQ 


212-4 
214-4 Output impedance 


Output impedance (off-state) 


| too | 
ET ; : 
0 +1 dB 
Voltage gain 0 +1 dB 
0 +1 dB 

| so | 

| o | 

ae ae 


Lo Isolation (off-state) (f = 20kHz) 
S/S +N Signal-to-noise ratio* 


THD Total harmonic distortion® 
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Video and Audio Switch IC TDA8440 


DC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C; Vcc = 12V, unless otherwise specified. 


eee EET 
SYMBOL PARAMETER wie tye | ex | UNIT 
Crosstalk attenuation for interferences 
caused by video signals® 
Weighted dB 
Unweighted x 


Crosstalk AIS TUaUOD for interferences caused by sinusoidal 
sound signals° 


Crosstalk attenuation for interferences caused by the bus 
signal (weighted) (Source impedance = 1k{2) 


a eee 
a 
I27C bus inputs/outputs SDA (Pin 17) and SCL (Pin 18) 
A 
NE SS: Ee 
Input current HIGH’ 

* Input current LOW’ pap td 
[cpt vtnge LOW aig vee oe 
a | mera Te 
To, | Capacitance of SDA and SOL pus, Pre W7ansi@ | —S«dYSSC*dCOY 
Sub-address inputs Sp (Pin 11), S; (Pin 13), S2 (Pin 6) 

vn | mputvotege HGH SSC~—~sSCSSSCdC 
Tv: | putvotege tow SSS~“—*~*~*~*~*~—‘—‘—sSsSsSSSSC*dC tw 
a 
ru | rputewrontow ——SSS—~—“—~s~—s~—~—s—s—‘—‘—S~dS S| Cd 
OFF input (Pin 2) 
SO 
Pv | putwotage tow —SSS~=~“*~*~*~‘“‘~*~*~é~srCOSSSC*‘RCtw 
ce 
cr 


NOTES: 
1. Caused by drive on any other input at maximum level, measured in B = 5MHz, source impedance for the used input 7522, 


Vout 
crosstalk = 20log el 
Vin max 


Vo video noise (p_p) (2V 
g Snl=piigg 
Vo noise pms B= 5MHz 


Vr supply 
3. Supply voltage ripple rejection = 20iog ———————— at f = max. 100kHz. 


; Vr_ on output 
Vo nominal (0.5V) 
Vo noise B = 20kHz 
5. Caused by drive of any other input at maximum level, measured in B = 20kHz, source impedance of the used input = 1k{2, 


4. S/N = 20log 


Vv. 
crosstalk = 20log 7 cat according to DIN 45405 (CCIR 468). 


IN Max 


6. f = 20Hz to 20kHz. 
. Also if the supply is switched off. 


N 
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Product Specification 


Video and Audio Switch IC 


TDA8440 


AC ELECTRICAL CHARACTERISTICS (°C bus load conditions are as follows: 4kQ pull-up resistor to +5V; 200pF to GND. 
All values are referred to Vj4y=3V and Vi, = 1.5V. 


SYMBOL PARAMETER 


ta «| _ SCL, SDA rise time 
SCL, SDA fall time 
Data setup time (write) 


Data hold time (write 


Acknowledge (from TDA8440) setup time 
Acknowledge (from TDA8440) hold time 
Stop condition setup time 


Table 1. Sub-Addressing 


SUB-ADDRESS 


o-osos0|e 


non |2C 
addressable 


FUNCTIONAL DESCRIPTION 

The TDA8440 is a monolithic system of 
switches and can be used in CTV receivers 
equipped with an auxiliary video/audio plug. 
The IC incorporates 3-State switches which 
comprise: 


a) An electronic video switch with selectable 
gain (times 1 or times 2) for switching 
between an internal video signal (from the 
IF amplifier) with an auxiliary input signal. 
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b) Two electronic audio switches, for two 
sound channels (stereo or dual language), 
for switching between internal audio 
sources and signals from the auxiliary vid- 
e0/audio plug. 


A selection can be made between two input 
signals and an OFF-state. The OFF-state is 
necessary if more than one TDA8440 device 
is used. 


The SDA and SCL pins can be connected to 
the IC bus or to DC switching voltages. 
Inputs So (Pin 11), S; (Pin 13), and So (Pin 6) 
are used for selection of sub-addresses or 
switching to the non-I?C mode. Inputs So, $3, 
and Se can be connected to the supply 
voltage (H) or to ground (L). In this way, no 
peripheral components are required for selec- 
tion. 


NON-I7C BUS CONTROL 

If the TDA8440 switching device has to be 
operated via the auxiliary video/audio plug, 
inputs So, S;, and So must be connected to 
the supply line (12V). 
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The sources (internal and external) and the 

gain of the video amplifier can be selected via 

the SDA and SCL pins with the switching 

voltage from the auxiliary video/audio plug: 

®@ Sources | are selected if SDA = 12V 
(external source) 


®@ Sources Il are selected if SDA = OV (TV 
mode) 

®@ Video amplifier gain is 2 X if SCL = 12V 
(external source) 

@ Video amplifier gain is 1 X if SCL=0V 
(TV mode) 


If more than one TDA8440 device is used in 

the non-I?C bus system, the OFF pin can be 

used to switch off the desired devices. This 

can be done via the 12V switching voltage on 

the plug. 

® All switches are in the OFF position if 
OFF =H (12V) 

@ All switches are in the selected position 
via SDA and SCL pins if OFF =L (OV) 


I2?¢ BUS CONTROL 
Detailed information on the IC bus is avail- 
able on request. 
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Table 2. TDA8440 I7C Bus Protocol 


Product Specification 


TDA8440 


sm [ala [w [ele [M[m [Aw] Alo [oo [% [oo] me] o | mA] sO 


STA = start condition 

Ag = 

= Fixed address bits 

A3 =14 

Ao = sub-address bit, fixed via So input 

Ay = sub-address bit, fixed via S; input 

Ao = sub-address bit, fixed via So input 

R/W = read/write bit (has to be 0, only write mode allowed) 
AC = acknowledge bit (= 0) generated by the TDA8440 
D7 = 1 audio lI, is selected to audio output a 
D7 =0 audio I, is not selected 

De = 1 audio Il, is selected to audio output a 
Dg =0 audio ll, is not selected 

Ds = 1 audio lp is selected to audio output b 
Ds =0 audio lp output is not selected 

D4 = 1 audio Il, is selected to audio output b 
D4 =0 audio Ilp is not selected 

D3 = 1 video | is selected to video output 

D3 = 0 video | is not selected 

Do = 1 video II is selected to video output 
Do = 0 video Il is not selected 

D; = 1 video amplifier gain is times 2 

D, = 0 video amplifier gain is times 1 

Do = 1 OFF-input inactive 

Do = 0 OFF-input active 

STO = stop condition 


Do/OFF Gating 


O (off input active) 
0 In accordance with last defined 


D7-D, (may be entered while 
OFF = HIGH) 

1 (off input inactive) In accordance with D7-Dy, 

1 In accordance with D7-D, 


When the power supply is switched on, an 
internal pulse will be generated that will reset 
the internal memory So. In the initial state all 
the switches will be in the off position and the 
OFF input is active (D7 - Do = 0), (I2C mode). 
In the non-I?C mode, positions are defined via 
SDA and SCL input voltages. 


OFF FUNCTION 
With the OFF input all outputs can be 
switched off (high ohmic mode), depending 
on the value of Do. 


Power-on Reset 
The circuit is provided with a power-on reset 
function. 


ts (sta) ty (STA) tLow 


Figure 1. 12C Bus Timing Diagram 
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When the power supply decreases below 5V, 
a pulse will be generated and the internal 
memory will be reset. The behavior of the 
switches will be the same as described 
above. 


ts (sto) 


WF18780S 
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DESCRIPTION 


The NE/SA5204 is a high-frequency 
amplifier with a fixed insertion gain of 
20dB. The gain is flat to + 0.5dB from DC 
to 200MHz. The -3dB bandwidth is 
greater than 350MHz. This performance 
makes the amplifier ideal for cable TV 
applications. The NE/SA5204 operates 
with a single supply of 6V, and only 
draws 25mA of supply current, which is 
much less than comparable hybrid parts. 
The noise figure is 4.8dB in a 7582 
system and 6dB in a 5022 system. 


The NE/SA5204 is a relaxed version of 
the NE5205. Minimum guaranteed band- 
width is relaxed to 350MHz and the ''S" 
parameter Min/Max limits are specified 
as typicals only. 


Until now, most RF or high-frequency 
designers had to settle for discrete or 
hybrid solutions to their amplification 
problems. Most of these solutions re- 
quired trade-offs that the designer had 
to accept in order to use high-frequency 
gain stages. These include high power 
consumption, large component count, 
transformers, large packages with heat 
sinks, and high part cost. The NE/ 
SA5204 solves these problems by incor- 
porating a wideband amplifier on a single 
monolithic chip. 


The part is well matched to 50 or 752 
input and output impedances. The 
standing wave ratios in 50 and 75Q2 
systems do not exceed 1.5 on either the 
input or output over the entire DC to 
350MHz operating range. 


Since the part is a small, monolithic IC 
die, problems such as stray capacitance 
are minimized. The die size is small 
enough to fit into a very cost-effective 8- 
pin small-outline (SO) package to further 
reduce parasitic effects. 


ORDERING INFORMATION 


8-Pin Plastic SO package 
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DESCRIPTION TEMPERATURE RANGE ORDER CODE 


Ot +7orC | NESZOAN 
8-Pin Plastic DIP -~40 to +85°C SA5204N 


-40 to +85°C SA5204D 


NE/SA5204 


Wide-band High-Frequency 


Amplifier 


Product Specification 


No external components are needed 
other than AC-coupling capacitors be- 
cause the NE/SA5204 is internally com- 
pensated and matched to 50 and 752. 
The amplifier has very good distortion 
specifications, with second and _third- 
order intermodulation intercepts of 
+24dBm and +17dBm, respectively, at 
100MHz. : 


The part is well matched for 50Q test 
equipment such as signal generators, 
oscilloscopes, frequency counters, and 
all kinds of signal analyzers. Other appli- 
cations at 5022 include mobile radio, CB 
radio, and data/video transmission in 
fiber optics, as well as broadband LANs 
and telecom systems. A gain greater 
than 20dB can be achieved by cascad- 
ing additional NE/SA5204s in series as 
required, without any degradation in am- 
plifier stability. 
FEATURES 
@ 200MHz (min.), +0.5dB bandwidth 
e 20dB insertion gain 
e 4.8dB (6dB) noise figure 

Zo = 7522 (Zo = 5022) 
e No external components required 


e Input and output impedances 
matched to 50/7522 systems 


e Surface-mount package available 
e Cascadable 


11-66 


PIN CONFIGURATION 
N, D Packages 


TOP VIEW 
CD12760S 


APPLICATIONS 

e Antenna amplifiers 
e Amplified splitters 
e Signal generators 

e Frequency counters 
e Oscilloscopes 

e Signal analyzers 

e Broadband LANs 

e Networks 

e Modems 

e Mobile radio 

e CB radio 

@ Telecommunications 


853-1191 87586 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Supply voltage Vv 
AC input voltage 


Operating ambient temperature range 
NE grade 0 to +70 
SA grade -40 to +85 


Maximum power dissipation’ 2 
Ta = 25°C (still-air) 

N package 

D package 


Storage temperature range -55 to +150 
Lead temperature °C 
(soldering 60s) 
NOTES: 
1. Derate above 25°C, at the following rates 
N package at 9.3mW/°C 


D package at 6.2mW/°C. 
2. See ‘Power Dissipation Considerations'' section. 


EQUIVALENT SCHEMATIC 
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DC ELECTRICAL CHARACTERISTICS at Voc =6V, Zs = Z, = Zo = 50 and Ta = 25°C, in all packages, unless otherwise 


specified. 
SYMBOL PARAMETER 


Operating supply voltage range Over temperature 
f = 100MHz 
Input return loss 
DC -—550MHz 


| 
—— 
a 
ee ee 
: = 
= 
— : — 
—— -— 
ae = 
— 


TEST CONDITIONS 


= 
am i 
N 


Noise figure (75Q) f = 100MHz 


Saturated output power f = 100MHz 
4 


1dB gain compression f = 100MHz 
Third-order intermodulation f = 100MHz 
intercept (output) 
Second-order intermodulation f = 100MHz 
intercept (output) 


+ ne et OG Se eT ee eee ee ee ee ee ee 
RE RS ast A Meee pee Ge RN NS ee ee 


+2 


SUPPLY CURRENT—mA 
NOISE FIGURE—dB 


__—- 


FREQUENCY—MHz 


10! 2 
SUPPLY VOLTAGE—V 


Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency 
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INSERTION GAIN—dB 
INSERTION GAIN—dB 


FREQUENCY—MHz FREQUENCY—MHz 
OP04671S 


Figure 3. Insertion Gain vs Frequency (S2}) Figure 4. Insertion Gain vs Frequency (S2;) 
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OUTPUT LEVEL—dBm 


E 
a 
ao] 

| 
ad 
Ww 
> 
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- 
> 
a 
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6 8 102 
FREQUENCY—MHz FREQUENCY—MHz 


OP04680S 


Figure 5. Saturated Output Power vs Frequency Figure 6. 1dB Gain Compression vs Frequency 


Vl a 
Let AL TP 
ae Aes 
| tt tT tT te tT Te 


6 8 9 
POWER SUPPLY VOLTAGE—V POWER SUPPLY VOLTAGE—V 


OP04700S OP04710S 


Figure 7. Second-Order Output Intercept vs Supply Voltage Figure 8. Third-Order Intercept vs Supply Voltage 


SECOND-ORDER INTERCEPT—dBm 
THIRD-ORDER INTERCEPT—dBm 
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INPUT VSWR 


OUTPUT VSWR 
=< -_ -—_ —_ = _- = Led 
bb © BU ® NN @ © O 


Ph, aes | ames See GORE 
10! 2 4 6 8 402 
FREQUENCY—MHz FREQUENCY—MHz 


OP04730S 


Figure 9. Input VSWR vs Frequency Figure 10. Output VSWR vs Frequency 
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See 


OUTPUT RETURN LOSS—dB 
ISOLATION—dB 


fee] 
T 
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” 
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a 
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~ 
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FREQUENCY—MHz FREQUENCY—MHz 


OP04740S OP04750S 


Figure 11. Input (S;1;) and Output (S22) Return Loss vs 
_ neE Seta) Sascauet (S22) Figure 12. Isolation vs Frequency (S;2) 


a 
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INSERTION GAIN—dB 
INSERTION GAIN—dB 


10 
1 6 8 492 2 


FREQUENCY—MHz FREQUENCY—MHz 


OP04771S 


Figure 13. Insertion Gain vs Frequency (S2;) Figure 14. Insertion Gain vs Frequency (S21) 


February 12, 1987 11-70 


Signetics Linear Products 


Product Specification 


Wide-band High-Frequency Amplifier 


NE/SA5204 


THEORY OF OPERATION 

The design is based on the use of multiple 
feedback loops to provide wide-band gain 
together with good noise figure and terminal 
impedance matches. Referring to the circuit 
schematic ir. Figure 15, the gain is set primari- 
ly by the equation: 


Vout 
—— = (Rey + Rei)/ Res (1) 
VIN 


which is series-shunt feedback. There is also 
shunt-series feedback due to Reo and Reo 
which aids in producing wide-band terminal 
impedances without the need for low value 
input shunting resistors that would degrade 
the noise figure. For optimum noise perfor- 
mance, Re; and the base resistance of Q, 
are kept as low as possible, while Repo is 
maximized. 


The noise figure is given by the following 
equation: 
| 


& + Rey + 
2qlc1" (dB 
Ro (2) 


NF = 10Log } 1 + 


where Ic, =5.5mA, Rey = 12Q, tm = 130Q, 
KT/q = 26mV at 25°C and Ro = 50 for a 5022 
system and 75 for a 75Q2 system. 
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The DC input voltage level Vij, can be deter- 
mined by the equation: 


Vin = VBE + (Io1 + Ic3) Res (3) 


where Re, = 12Q, VBE =0.8V, Icy = 5mA 
and lc3 = 7mA (currents rated at Vcc = 6V). 


Under the above conditions, Viy is approxi- 
mately equal to 1V. 


Level shifting is achieved by emitter-follower 
Q3 and diode Q,, which provide shunt feed- 
back to the emitter of Q; via Re;. The use of 
an emitter-follower buffer in this feedback 
loop essentially eliminates problems of shunt- 
feedback loading on the output. The value of 
Rr; = 140Q is chosen to give the desired 
nominal gain. The DC output voltage Vout 
can be determined by: 


Vout = Voc — (Ic2* Ice)R2, (4) 


where Vcc = 6V, Ro = 2252, Ico = 7MA and 
log = 5MA. 


From here, it can be seen that the output 
voltage is approximately 3.3V to give relative- 
ly equal positive and negative output swings. 
Diode Qs is included for bias purposes to 
allow direct coupling of Rez to the base of Q;. 
The dual feedback loops stabilize the DC 
operating point of the amplifier. 


Figure 15. Schematic Diagram 
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The output stage is a Darlington pair (Qg and 
Qs) which increases the DC bias voltage on 
the input stage (Q;) to a more desirable 
value, and also increases the feedback loop 
gain. Resistor Ro optimizes the output VSWR 
(Voltage Standing Wave Ratio). Inductors L, 
and Lo are bondwire and lead inductances 
which are roughly 3nH. These improve the 
high-frequency impedance matches at input 
and output by partially resonating with 0.5pF 
of pad and package capacitance. 


POWER DISSIPATION 
CONSIDERATIONS 


When using the part at elevated temperature, 
the engineer should consider the power dissi- 
pation capabilities of each package. 


At the nominal supply voltage of 6V, the 
typical supply current is 25mA (830mA max). 
For operation at supply voltages other than 
6V, see Figure 1 for Icoc versus Vcc curves. 
The supply current is inversely proportional to 
temperature and varies no more than 1mA 
between 25°C and either temperature ex- 
treme. The change is 0.1% per °C over the 
range. 


The recommended operating temperature 
ranges are air-mount specifications. Better 
heat-sinking benefits can be realized by 
mounting the SO and N package bodies 
against the PC board plane. 
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PC BOARD MOUNTING 8-LEAD MINI-PACK; PLASTIC (SO-8; SOT-96A) 
In order to realize satisfactory mounting of the 


NE5204 to a PC board, certain techniques 
need to be utilized. The board must be 
double-sided with copper and all pins must be 
soldered to their respective areas (i.e., all 
GND and Vcc pins on the package). The 
power supply should be decoupled with a 
Capacitor as close to the Vcc pins as possi- 
ble, and an RF choke should be inserted 
between the supply and the device. Caution 
should be exercised in the connection of 
input and output pins. Standard microstrip 
should be observed wherever possible. There 
should be no solder bumps or burrs or any 
obstructions in the signal path to cause 
launching problems. The path should be as 
straight as possible and lead lengths as short 
as possible from the part to the cable connec- 
tion. Another important consideration is that CAPACITOR HOLE (0.25”) 
the input and output should be AC-coupled. 
This is because at Vcc = 6V, the input is 


approximately at 1V while the output is at soe eta 
3.3V. The output must be decoupled into a OUTPUT 
low-impedance system, or the DC bias on the 


output of the amplifier will be loaded down, GNO PLANE 
causing loss of output power. The easiest 
way to decouple the entire amplifier is by 
soldering a high-frequency chip capacitor di- SO PACKAGE 

rectly to the input and output pins of the iain ae 
device. This circuit is shown in Figure 16. 

Follow these recommendations to get the 
best frequency response and noise immunity. 
The board design is as important as the TO INPUT 


integrated circuit design itself. en ae i 


Both of the evaluation boards that will be 
discussed next do not have input and output 
capacitors because it is assumed the user will 
use AC-coupled test systems. Chip or foil 
capacitors can easily be inserted between the GND FLANGE 
part and connector if the board trace is 


removed. Figure 17. PC Board Layout for NE5204 Evaluation 


SMA CONNECTOR 


RF CHOKE 


DECOUPLING 
ce CAPACITOR 


VIN o— }—o Vout 


AC AC 
COUPLING COUPLING 
CAPACITOR CAPACITOR 


TC08511S 


Figure 16. Circuit Schematic for 
Coupling and Power Supply Decoupling 
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5092 EVALUATION BOARD 

The evaluation board layout shown in Figure 
17 produces excellent results. The board is to 
scale and is for the SO package. Both top 
and bottom are copper clad and the ground 
planes are bonded together through 50{2 
SMA cable connectors. These are solder 
mounted on the sides of the board so that the 
signal traces line up straight to the connector 
signal pins. 


Solid copper tubing is soldered through the 
flange holes between the two connectors for 
increased strength and grounding character- 
istics. Two- or four-hole flanges can be used. 
A flat, round decoupling capacitor is placed in 
the board's round hole and soldered between 
the bottom Vcc plane and the top side 
ground. The capacitor is as thin or thinner 
than the PC board thickness and has insula- 


FEEOTHRU 


MODEL 7014 
7014-1 (BNC) 
7014-2 (TNC) 
7014-3 (TYPE N) 
7014-4 (SMA) 
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tion around its side to isolate Voc and ground. 
The square hole is for the SO package which 
is put in upside-down through the bottom of 
the board so that the leads are kept in 
position for soldering. Both holes are just 
slightly larger than the capacitor and IC to 
provide for a tight fit. 


This board should be tested in a system with 
502 input and output impedance for correct 
operation. 


75Q. EVALUATION BOARD 

Another evaluation board is shown in Figure 
18. This system uses the same PC board as 
presented in Figure 17, but makes use of 752 
female N-type connectors. The board is 
mounted in a nickel plated box* that is used 
to support the N-type connectors. This is an 


DFOS980S 


0.375 (9.5) DEEP 
2 HOLES 


Figure 18. 7592 N-Type Connector System 
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excellent way to test the part for cable TV 
applications. Again, the board should be test- 
ed in a system with 7522 input- and output- 
impedance for correct operation. 


NOTE: 

*The box and connectors are available as a ''MOD- 
PACK SYSTEM" from the ANZAC division of 
ADAMS-RUSSELL CO., INC., 80 Cambridge Street, 
Burlington, MA 01803. 


SCATTERING PARAMETERS 

The primary specifications for the NE5204 
are listed as S-parameters. S-parameters are 
measurements of incident and reflected cur- 
rents and voltages between the source, am- 
plifier, and load as well as transmission 
losses. The parameters for a two-port net- 
work are defined in Figure 19. 


0.200 (5.1) TYP 
. 5 7 0.290 (7.4) TYP 


—- 


AF03670S 
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S,, — INPUT RETURN LOSS S,, — FORWARD TRANSMISSION LOSS 
SONI REEL ESTED OR INSERTION GAIN 


FROM INPUT PORT So, ss. [TRANSDUCER POWER GAIN 


POWER AVAILABLE FROM 
GENERATOR AT INPUT PORT Soo — OUTPUT RETURN LOSS 


POWER REFLECTED 
Si2 — REVERSE TRANSMISSION LOSS FROM OUTPUT PORT 


OR ISOLATION POWER AVAILABLE FROM 


s,=1 REVERSE TRANSDUCER GENERATOR AT OUTPUT PORT 
@ POWER GAIN 


AFO3690S 


$12 


a. Two-Port Network Defined b. 


Figure 19 


5022 System 75Q System 


2 


FREQUENCY —MHz 
OP047908 


b. Insertion Gain vs Frequency (S2;) 


ISOLATION — dB 


ISOLATION—dB 


FREQUENCY—MHz FREQUENCY — MHz 


c. Isolation vs Frequency (S;2) d. S12 Isolation vs Frequency 


INPUT RETURN LOSS—dB 


INPUT RETURN LOSS — dB 
OUTPUT RETURN LOSS — dB 


FREQUENCY — MHz 


e. Input (S11) and Output (S22) Return Loss vs f. Input (S;4) and Output (S22) Return Loss vs 
Frequency Frequency 


Figure 20 
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Actual S-parameter measurements, using an 
HP network analyzer (model 8505A) and an 
HP S-parameter tester (models 8503A/B), 
are shown in Figure 20. These were obtained 
with the device mounted in a PC board as 
described in Figures 17 and 18. 


For 5022 system measurements, SMA con- 
nectors were used. The 75922 data was ob- 
tained using N-connectors. 


Values for Figure 20 are measured and speci- 
fied in the data sheet to ease adaptation and 
comparison of the NE5204 to other high- 
frequency amplifiers. The most important pa- 
rameter is So;. It is defined as the square root 
of the power gain, and, in decibels, is equal to 
voltage gain as shown below: 


Zp = Zin = Zout for the NE5204 
= Vin? O—] NE5204 Vout? 
rin = —— = — 


Zp O-| 2p O Zp 


Vout? 
2 
Vout 
Vin? 


_ Pout _ Zp 
PIN Vin? 
Zp 


=P, 


Pj\=V/? 


P; = Insertion Power Gain 
V, = Insertion Voltage Gain 


Measured value for the 
NE5204 =!So, |? = 100 


In decibels: 

Pip) = 10Log | Sp; |? = 20dB 
20Log So; = 20dB 

= 20dB 


Vi(dB) = 


‘ Pi(aB) - Vi(dB) — S21(dB) 


c 
> 
” 
> 
= 
=) 
a 
F 3 


Ss eit meer ieee" at 
7 ie a a A a aS 
7 


Also measured on the same system are the 
respective voltage standing-wave ratios. 
These are shown in Figure 21. The VSWR 
can be seen to be below 1.5 across the entire 
operational frequency range. 


Relationships exist between the input and 
output return losses and the voltage standing 
wave ratios. These relationships are as fol- 
lows: 


INPUT RETURN LOSS = S,,dB 
S11dB = 20Log |S, 


OUTPUT RETURN LOSS = SosdB 
S20dB = 20Log |Soo | 


1 + S41 
INPUT VSWR = ———— S 
114-Sy4| 
14 + Soo | 
OUTPUT VSWR = —— S 
11 -Soo| 


1dB GAIN COMPRESSION AND 
SATURATED OUTPUT POWER 


The 1dB gain compression is a measurement 
of the output power level where the small- 
signal insertion gain magnitude decreases 
1dB from its low power value. The decrease 
is due to non-linearities in the amplifier, an 
indication of the point of transition between 
small-signal operation and the large-signal 
mode. 


The saturated output power is a measure of 
the amplifier's ability to deliver power into an 
external load. It is the value of the amplifier's 
output power when the input is heavily over- 
driven. This includes the sum of the power in 
all harmonics. 


OUTPUT VSWR 


1 GF aan 
i i.” 


FREQUENCY—MHz 


a. Input VSWR vs Frequency 
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INTERMODULATION INTERCEPT 
TESTS 


The intermodulation intercept is an expres- 
sion of the low level linearity of the amplifier. 
The intermodulation ratio is the difference in 
dB between the fundamental output signal 
level and the generated distortion product 
level. The relationship between intercept and 
intermodulation ratio is illustrated in Figure 
22, which shows product output levels plotted 
versus the level of the fundamental output for 
two equal strength output signals at different 
frequencies. The upper line shows the funda- 
mental output plotted against itself with a 1dB 
to 1dB slope. The second and third order 
products lie below the fundamentals and 
exhibit a 2:1 and 3:1 slope, respectively. 


The intercept point for either product is the 
intersection of the extensions of the product 
curve with the fundamental output. 


The intercept point is determined by measur- 
ing the intermodulation ratio at a single output 
level and projecting along the appropriate 
product slope to the point of intersection with 
the fundamental. When the intercept point is 
known, the intermodulation ratio can be de- 
termined by the reverse process. The sec- 
ond-order IMR is equal to the difference 
between the second-order intercept and the 
fundamental output level. The third-order IMR 
is equal to twice the difference between the 
third-order intercept and the fundamental out- 
put level. These are expressed as: 


IP> = Poyt + IMRo 
IP3 = Poyt + IMR3/2 


where Pout is the power level in dBm of each 
of a pair of equal level fundamental output 
signals, IP2 and IP3 are the second- and third- 
order output intercepts in dBm, and IMRo2 and 
IMRg are the second- and third- order inter- 
modulation ratios in dB. The intermodulation 
intercept is an indicator of intermodulation 
performance only in the small-signal operat- 


FREQUENCY—MHz 


b. Output VSWR vs Frequency 
Figure 21. Input/Output VSWR vs Frequency 
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ing range of the amplifier. Above some output 
level which is below the 1dB compression 
point, the active device moves into large- 
signal operation. At this point, the intermodu- 
lation products no longer follow the straight- 
line output slopes, and the intercept descrip- 
tion is no longer valid. It is therefore important 
to measure |IPo and I|P3 at output levels well 
below 1dB compression. One must be care- 
ful, however, not to select levels which are 
too low, because the test equipment may not 
be able to recover the signal from the noise. 
For the NE5204, an output level of -10.5dBm 
was chosen with fundamental frequencies of 
100.000 and 100.01MHz, respectively. 


ADDITIONAL READING ON 
SCATTERING PARAMETERS 


For more information regarding S-parame- 
ters, please refer to High-Frequency Amplifi- 
ers; by Ralph S. Carson of the University of 
Missouri, Rolla, Copyright 1985, published by 
John Wiley & Sons, Inc. 
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S-Parameter Techniques for Faster, More S-Parameter Design, HP App Note 154, 1972. 
Accurate Network Design, HP App Note 95-1, 
Richard W. Anderson, 1967, HP Journal. 
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DESCRIPTION 


The NE/SA/SE5205 is a High Frequen- 
cy Amplifier with a fixed insertion gain of 
20dB. The gain is flat to + 0.5dB from DC 
to 450MHz, and the -3dB bandwidth is 
greater than 600MHz in the EC package. 
This performance makes the amplifier 
ideal for cable TV applications. For lower 
frequency applications, the part is also 
available in industrial standard dual in- 
line and small outline packages. The 
NE/SA/SE5205 operates with a single 
supply of 6V, and only draws 25mA of 
supply current, which is much less than 
comparable hybrid parts. The noise fig- 
ure is 4.8dB in a 75Q system and 6aB in 
a 5022 system. 


Until now, most RF or high frequency 
designers had to settle for discrete or 
hybrid solutions to their amplification 
problems. Most of these solutions re- 
quired trade-offs that the designer had 
to accept in order to use high frequency 
gain stages. These include high power 
consumption, large component count, 
transformers, large packages with heat 
sinks, and high part cost. The NE/SA/ 
SE5205 solves these problems by incor- 
porating a wide-band amplifier on a sin- 
gle monolithic chip. 


The part is well matched to 50 or 75&2 
input and output impedances. The 
Standing Wave Ratios in 50 and 75Q 
systems do not exceed 1.5 on either the 
input or output from DC to the -—3dB 
bandwidth limit. 


Since the part is a small monolithic IC 
die, problems such as stray capacitance 
are minimized. The die size is small 
enough to fit into a very cost-effective 8- 
pin small-outline (SO) package to further 
reduce parasitic effects. A TO-46 metal 
can is also available that has a case 
connection for RF grounding which in- 
creases the —3dB frequency to 650MHz. 
The metal can and Cerdip package are 
hermetically sealed, and can operate 
over the full -55°C to +125°C range. 


No external components are needed 
other than AC coupling capacitors be- 
cause the NE/SA/SE5205 is internally 
compensated and matched to 50 and 
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7582. The amplifier has very good distor- 
tion specifications, with second and 
third-order intermodulation intercepts of 
+24dBm and +17dBm respectively at 
100MHz. 


The device is ideally suited for 752 
cable television applications such as 
decoder boxes, satellite receiver/decod- 
ers, and front-end amplifiers for TV re- 
ceivers. It is also useful for amplified 
splitters and antenna amplifiers. 


The part is matched well for 502 test 
equipment such as signal generators, 
oscilloscopes, frequency counters and 
all kinds of signal analyzers. Other appli- 
cations at 5022 include mobile radio, CB 
radio and data/video transmission in 
fiber optics, as well as broad-band LANs 
and telecom systems. A gain greater 
than 20dB can be achieved by cascad- 
ing additional NE/SA/SE5205s in series 
as required, without any degradation in 
amplifier stability. 
FEATURES 
@ 650MHz bandwidth 
e 20dB insertion gain 
e 4.8dB (6dB) noise figure 

Zo = 7522 (Zo = 502) 
e No external components required 


e Input and output impedances 
matched to 50/752) systems 


e Surface mount package available 


e Excellent performance in cable 
TV 7582 systems 


APPLICATIONS 

e 7592) cable TV decoder boxes 
e Antenna amplifiers 
e Amplified splitters 

e Signal generators 

e Frequency counters 
@ Oscilloscopes 

e Signal analyzers 

e Broad-band LANs 

e Fiber-optics 

e Modems 

e@ Mobile radio 

e CB radio 

e Telecommunications 
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PIN CONFIGURATIONS 
N, FE, D Packages 


EC Package 


NOTE: 
Tab denotes Pin 1. 


853-0058 87583 


CD12760S 
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ORDERING INFORMATION 
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EQUIVALENT SCHEMATIC 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
0 to +70 


Operating ambient temperature range 
-40 to +85 


SE grade -55 to +125 


Maximum power dissipation, 
Ta = 25°C (still-air)' 2 
FE package 
N package 
D package 
EC package 


NOTES: 
1. Derate above 25°C, at the following rates: 
FE package at 6.2mW/°C 
N package at 9.3mW/°C 
D package at 6.2mW/°C 
EC package at 10.0mW/°C 
2. See ''Power Dissipation Considerations'' section. 


DC ELECTRICAL CHARACTERISTICS at Voc =6V, Zs = Z, = Zp = 50 and Ta = 25°C, in all packages, unless otherwise 


specified. 


| _sesz0s_—— | _NE/SA/SE5205 
SYMBOL PARAMETER TEST CONDITIONS UNIT 
_min_| typ | Max | Min | Typ | Max. 
Operating supply voltage range Over temperature 8 V 
8 V 
Supply current Over temperature 24 30 mA 
31 mA 
Insertion gain f = 100MHz iv a7 19 21 
Over temperature 16.5 16.5 -_ 5 


input return loss f=toomHz ON FE | | 25 | | 
DC - fax D, N, FE ae 


Input return loss f = 100MHz | f= 100MHz EC package | | f= 100MHz EC package | ff ak | | a 
DC tax EC Se 


Output return loss f= 100MHz D, N, FE PT or || a 
eee 8 a ed 
el a a ee ame a es 


er oe 
=o ttt 


a ee 
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DC ELECTRICAL CHARACTERISTICS at Voc = 6V, Zs = Z, = Zo = 502 and Ta = 25°C, in all packages, unless otherwise 


specified. 
SYMBOL PARAMETER 


saturated ouput power | t= roowme | [+70 | [+70] | am 


Third-order intermodulation f = 100MHz +17 +17 
intercept (output) 
Second-order intermodulation f = 100MHz +24 +24 
intercept (output) 


NOISE FIGURE—dB 
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= 
7) 


ee eae ee ee 
a ee? A Le: A ee Mee ae ee! 
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SUPPLY VOLTAGE—V FREQUENCY—MHz 


OP04640S 


Figure 1. Supply Current vs Supply Voltage Figure 2. Noise Figure vs Frequency 
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Figure 3. Insertion Gain vs Frequency (S21) Figure 4. Insertion Gain vs Frequency (S21) 
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Figure 5. Saturated Output Power vs Frequency 
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Figure 7. Second-Order Output Intercept vs 
Supply Voltage 
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Figure 9. Input VSWR vs Frequency 
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Figure 6. 1dB Gain Compression vs Frequency 
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Figure 8. Third-Order Intercept vs 
Supply Voltage 
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Figure 10. Output VSWR vs Frequency 
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INPUT RETURN LOSS—dB 
OUTPUT RETURN LOSS—dB 
OUTPUT VSWR 
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Figure 11. Input (S;;) and Output (S22) Return Loss vs Figure 12. Isolation vs Frequency (S;2) 
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Figure 13. Insertion Gain vs Frequency (S2;) Figure 14. Insertion Gain vs Frequency (S21) 
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THEORY OF OPERATION 

The design is based on the use of multiple 
feedback loops to provide wide-band gain 
together with good noise figure and terminal 
impedance matches. Referring to the circuit 
schematic in Figure 15, the gain is set primari- 
ly by the equation: 


Vout 
— = (Re; + Res) / Rey (1) 
VIN 


which is series-shunt feedback. There is also 
shunt-series feedback due to Rro and Reo 
which aids in producing wideband terminal 
impedances without the need for low value 
input shunting resistors that would degrade 
the noise figure. For optimum noise perfor- 
mance, Re; and the base resistance of Q, 
are kept as low as possible while Rro is 
maximized. 


The noise figure is given by the following 
equation: 


NF = 


[ KT 
f, + Rey +—— 
2qlc1 


10 Log ) 1+ dB (2) 


Ro 


where Ic; =5.5mA, Req = 1202, th = 1302, 
KT/q = 26mV at 25°C and Ro = 50 for a 5002 
system and 75 for a 75Q system. 


The DC input voltage level Vij can be deter- 
mined by the equation: 
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Vin = Vee + (Ic1 + Io3) Res 


where Re; = 12Q, Vee = 0.8V, Icy = 5mA 
and Ic3 = 7mA (currents rated at Vcc = 6V). 


Under the above conditions, Vix, is approxi- 
mately equal to 1V. 


Level shifting is achieved by emitter-follower 
Q3 and diode Q, which provide shunt feed- 
back to the emitter of Q; via Re;. The use of 
an emitter-follower buffer in this feedback 
loop essentially eliminates problems of shunt 
feedback loading on the output. The value of 
Rr; = 1402 is chosen to give the desired 
nominal gain. The DC output voltage Vout 
can be determined by: 


Vout = Vcc — (Ic2t Ice) R2, (4) 


where Vcc = 6V, Re = 2252, Ico = 7MA and 
log = 5MA. 


From here it can be seen that the output 
voltage is approximately 3.3V to give relative- 
ly equal positive and negative output swings. 
Diode Qs is included for bias purposes to 
allow direct coupling of Rez to the base of Q;. 
The dual feedback loops stabilize the DC 
operating point of the amplifier. 


The output stage is a Darlington pair (Qg and 
Q2) which increases the DC bias voltage on 
the input stage (Q;) to a more desirable 
value, and also increases the feedback loop 
gain. Resistor Ro optimizes the output VSWR 


Figure 15. Schematic Diagram 
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(Voltage Standing Wave Ratio). Inductors L; 
and Lp are bondwire and lead inductances 
which are roughly 3nH. These improve the 
high frequency impedance matches at input 
and output by partially resonating with 0.5pF 
of pad and package capacitance. 


POWER DISSIPATION 
CONSIDERATIONS 


When using the part at elevated temperature, 
the engineer should consider the power dissi- 
pation capabilities of each package. 


At the nominal supply voltage of 6V, the 
typical supply current is 25mA (830mA Max). 
For operation at supply voltages other than 
6V, see Figure 1 for Icoc versus Voc Curves. 
The supply current is inversely proportional to 
temperature and varies no more than 1mA 
between 25°C and either temperature ex- 
treme. The change is 0.1% per °C over the 
range. 


The recommended operating temperature 
ranges are air-mount specifications. Better 
heat sinking benefits can be realized by 
mounting the D and EC package body against 
the PC board plane. 


PC BOARD MOUNTING 

In order to realize satisfactory mounting of the 
NE5205 to a PC board, certain techniques 
need to be utilized. The board must be 
double-sided with copper and all pins must be 
soldered to their respective areas (i.e., all 
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GND and Vcc pins on the SO package). In 
addition, if the EC package is used, the case 
should be soldered to the ground plane. The 
power supply should be decoupled with a 
Capacitor as close to the Vcc pins as possible 
and an RF choke should be inserted between 
the supply and the device. Caution should be 
exercised in the connection of input and 
output pins. Standard microstrip should be 
observed wherever possible. There should be 
no solder bumps or burrs or any obstructions 
in the signal path to cause launching prob- 
lems. The path should be as straight as 
possible and lead lengths as short as possi- 
ble from the part to the cable connection. 
Another important consideration is that the 
input and output should be AC coupled. This 
is because at Vcc = 6V, the input is approxi- 
mately at 1V while the output is at 3.3V. The 
output must be decoupled into a low imped- 
ance system or the DC bias on the output of 
the amplifier will be loaded down causing loss 
of output power. The easiest way to decouple 
the entire amplifier is by soldering a high 
frequency chip capacitor directly to the input 
and output pins of the device. This circuit is 
shown in Figure 16. Follow these recommen- 
dations to get the best frequency response 
and noise immunity. The board design is as 
important as the integrated circuit design 
itself. 


Both of the evaluation boards that will be 
discussed next do not have input and output 
capacitors because it is assumed the user will 
use AC coupled test systems. Chip or foil 
capacitors can easily be inserted between the 
part and connector if the board trace is 
removed. 


5082 EVALUATION BOARD 

The evaluation board layout shown in Figure 
17 produces excellent results. The board is to 
scale and is for the SO package but can be 
used for the EC package as well. Both top 
and bottorn are copper clad and the ground 
planes are bonded together through 5022 
SMA cable connectors. These are solder 
mounted on the sides of the board so that the 
signal traces line up straight to the connector 
signal pins. 


Solid copper tubing is soldered through the 
flange holes between the two connectors for 
increased strength and grounding character- 
istics. Two or four hole flanges can be used. 
A flat round decoupling capacitor is placed in 
the board's round hole and soldered between 
the bottom Vcc plane and the top side 
ground. The capacitor is as thin or thinner 
than the PC board thickness and has insula- 
tion around its side to isolate Vcc and ground. 
The square hole is for the SO package which 
is put in upside down through the bottom of 
the board so that the leads are kept in 
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Figure 17. BC Board Layout for NE/SA/SE5205 Evaluation 
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position for soldering. Both holes are just 
slightly larger than the capacitor and IC to 
provide for a tight fit. 


This board should be tested in a system with 
5022 input and output impedance for correct 
operation. 


75Q. EVALUATION BOARD 
Another evaluation board is shown in Figure 
18. This system uses the same PC board as 


MODEL 7014 


7014-1 (BNC) 
7014-2 (TNC) 
7014-3 (TYPE N) 
7014-4 (SMA) 
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presented in Figure 17, but makes use of 752 
female N-type connectors. The board is 
mounted in a nickel plated box* that is used 
to support the N-type connectors. This is an 
excellent way to test the part for cable TV 
applications. Again, the board should be test- 
ed in a system with 75Q input and output 
impedance for correct operation. 


*The box and connectors are available as a ''MOD- 
PACK SYSTEM" from the ANZAC division of 


DFO5980S 


4-40 UNC-3B 


0.375 (9.5) DEEP 
2 HOLES 


Figure 18. 7582 N-Type Connector System 


$12 


NE/SA/SE5205 


ADAMS-RUSSELL CO., INC., 80 Cambridge Street, 
Burlington, MA 01803. 


SCATTERING PARAMETERS 

The primary specifications for the NE/SA/ 
SE5205 are listed as S-parameters. S-param- 
eters are measurements of incident and re- 
flected currents and voltages between the 
source, amplifier and load as well as trans- 
mission losses. The parameters for a two-port 
network are defined in Figure 19. 


0.200 (5.1) TYP 
“| e 3 0.290 (7.4) TYP 
F 


AF03670S 


AF03680S 


Figure 19a. Two-Port Network Defined 
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Actual S-parameter measurements using an 


S,, — INPUT RETURN LOSS S., — FORWARD TRANSMISSION LOSS HF NanvOIK analyzer (inode! SG0bA) and an 
OR INSERTION GAIN HP S-parameter tester (models 8503A/B) are 
POWen HEFLECTED shown in Figure 20. These were obtained with 

FROM INPUT PORT So, = [TRANSDUCER POWER GAIN ‘ : 
“Gann ea ic poe the device mounted in a PC board as de- 

GENERATOR AT INPUT PORT Soo — OUTPUT RETURN LOSS scribed in Figures 17 and 18. 
POWER REFLECTED For 5022 system measurements, SMA con- 
Si2— aes iti uaa LOSS FROM OUTPUT PORT nectors were used. The 752 data was ob- 
POWER AVAILABLE FROM tained using N-connectors. 
s,,=1 / REVERSE TRANSDUCER GENERATOR AT OUTPUT PORT , 

12* POWER GAIN Values for the figures below are measured 
AFO3690S and specified in the data sheet to ease 
Figure 19b adaptation and comparison of the NE/SA/ 


SE5205 to other high frequency amplifiers. 


502 System 75Q System 


INSERTION GAIN—dB 
INSERTION GAIN—dB 


a a A 
a eS | 
nana a nn ee oe a, 
es AE eS Ve a Ne ae ae 

4 6 8 492 2 

FREQUENCY—MHz FREQUENCY—MHz 
OP04780S OP04790S 


a. Insertion Gain vs Frequency (S21) b. Insertion Gain vs Frequency (S2}) 


ISOLATION—dB 
ISOLATION — dB 


FREQUENCY—MHz FREQUENCY — MHz 
OP04810S 


c. Isolation vs Frequency (Sj2) d. Si2 Isolation vs Frequency 


Pt Ty | 
eeguemnall 
Pee NS OSD 

YA 


INPUT RETURN LOSS—dB 
OUTPUT RETURN LOSS—dB 
INPUT RETURN LOSS — dB 

OUTPUT RETURN LOSS — dB 


FREQUENCY—MHz FREQUENCY — MHz 
OP04830S 


e. Input (S11) and Output (S22) Return Loss vs f. Input (S;;) and Output (S22) Return Loss vs 
Frequency Frequency 


Figure 20 
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The most important parameter is Soj. It is 
defined as the square root of the power gain, 
and, in decibels, is equal to voltage gain as 
shown below: 


Zp = Zin = Zour for the NE/SA/SE5205 


vn" o_]| NE/SA/ Lo Vag = 
Pin = —— Pout = 
Zp O— O Zp 
Vout? 
Pout 2p Vout p 
cece liao 1 mercer 
Pin Vin? Vin? 
Zp 
Pj=V,? 


P; = Insertion Power Gain 
V, = Insertion Voltage Gain 


Measured value for the 
NE/SA/SE5205 = | So; |* = 100 


P 
: Pia =| Ser |2 = 100 


IN 


V fae 
and y= =V75 = So; = 10 
VIN 


In decibels: 

Pip) = 10 Log | Sp; |? = 200B 
Vide) = 20 Log Sp; = 20dB 

“. Pip) = Vids) = S21(aB) = 20dB 


Also measured on the same system are the 
respective voltage standing wave ratios. 
These are shown in Figure 21. The VSWR 
can be seen to be below 1.5 across the entire 
operational frequency range. 


Relationships exist between the input and 
output return losses and the voltage standing 
wave ratios. These relationships are as fol- 
lows: 


c 
> 
n 
> 
i 
) 
a 
< 


FREQUENCY—MHz 


a. Input VSWR vs Frequency 
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INPUT RETURN LOSS = S;;dB 
S1,dB = 20 Log ISa4 | 


OUTPUT RETURN LOSS = SoodB 
S20dB = 20 Log |Soo | 


l4 + S41! 
INPUT VSWR = —— 1.5 
14 -S44! 
4 + Soo! 
OUTPUT VSWR = < 


i1=-Sal 


1dB GAIN COMPRESSION AND 
SATURATED OUTPUT POWER 


The 1dB gain compression is a measurement 
of the output power level where the small- 
signal insertion gain magnitude decreases 
1dB from its low power value. The decrease 
is due to nonlinearities in the amplifier, an 
indication of the point of transition between 
small-signal operation and the large signal 
mode. 


The saturated output power is a measure of 
the amplifiers ability to deliver power into an 
external load. It is the value of the amplifier's 
output power when the input is heavily over- 
driven. This includes the sum of the power in 
all harmonics. 


INTERMODULATION INTERCEPT 
TESTS 


The intermodulation intercept is an expres- 
sion of the low level linearity of the amplifier. 
The intermodulation ratio is the difference in 
dB between the fundamental output signal 
level and the generated distortion product 
level. The relationship between intercept and 
intermodulation ratio is illustrated in Figure 
22, which shows product output levels plotted 
versus the level of the fundamental output for 
two equal strength output signals at different 
frequencies. The upper line shows the funda- 
mental output plotted against itself with a 1dB 


to 1dB slope. The second and third order 
products lie below the fundamentals and 
exhibit a 2:1 and 3:1 slope, respectively. 


The intercept point for either product is the 
intersection of the extensions of the product 
curve with the fundamental output. 


The intercept point is determined by measur- 
ing the intermodulation ratio at a single output 
level and projecting along the appropriate 
product slope to the point of intersection with 
the fundamental. When the intercept point is 
known, the intermodulation ratio can be de- 
termined by the reverse process. The second 
order IMR is equal to the difference between 
the second order intercept and the funda- 
mental output level. The third order IMR is 
equal to twice the difference between the 
third order intercept and the fundamental 
output level. These are expressed as: 


IP2 = Poyt + IMRo 
IP3 = Poyt + IMR3/2 


where Poyr is the power level in dBm of each 
of a pair of equal level fundamental output 
signals, IP2 and IP3 are the second and third 
order output intercepts in dBm, and IMR» and 
IMRg3 are the second and third order inter- 
modulation ratios in dB. The intermodulation 
intercept is an indicator of intermodulation 
performance only in the small signal operat- 
ing range of the amplifier. Above some output 
level which is below the 1dB compression 
point, the active device moves into large- 
signal operation. At this point the intermodu- 
lation products no longer follow the straight 
line output slopes, and the intercept descrip- 
tion is no longer valid. It is therefore important 
to measure IPs and |IP3 at output levels well 
below 1dB compression. One must be care- 
ful, however, not to select too low levels 
because the test equipment may not be able 
to recover the signal from the noise. For the 
NE/SA/SE5205 we have chosen an output 
level of -10.5dBm with fundamental frequen- 
cies of 100.000 and 100.01MHz, respectively. 


OUTPUT VSWR 


Figure 21. Input/Output VSWR vs Frequency 
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ADDITIONAL READING ON 
SCATTERING PARAMETERS 


For more information regarding S-parame- / Z| -2ND ORDER 
ters, please refer to High-Frequency Amplifi- ws tod lf dna 
ers by Ralph S. Carson of the University of tA | 
Missouri, Rolla, Copyright 1985; published b me 
John Wiley & Sonal ae : ' i ‘ ae va TOC 
vm RESPONSE 

''S-Parameter Techniques for Faster, More 2 
Accurate Network Design", HP App Note 95- 5 
1, Richard W. Anderson, 1967, HP Journal. - RESPONSE 

Am ORDER 
''S-Parameter Design'', HP App Note 154, f —|Resrcnge 


1972. 
2 o -40 = a -10 O +10 +20 +30 


INPUT LEVEL 
dBm 


Figure 22 
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DESCRIPTION 


The NE/SE5539 is a very wide band- 
width, high slew rate, monolithic opera- 
tional amplifier for use in video amplifi- 
ers, RF amplifiers, and extremely high 
slew rate amplifiers. 


Emitter-follower inputs provide a true 
differential high input impedance device. 
Proper external compensation will allow 
design operation over a wide range of 
closed-loop gains, both inverting and 
non-inverting, to meet specific design 
requirements. 


ORDERING INFORMATION 


DESCRIPTION 


Ta Operating temperature range 
NE 
SE 


NOTE: 
1. Differential input voltage should not exceed 0.25V to prevent excessive input bias current and 
common-mode voltage 2.5V. These voltage limits may be exceeded if current is limited to less 
than 10mA. 
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NE/SE5539 


Ultra-High Frequency 
Operational Amplifier 


Product Specification 


FEATURES 


e Gain bandwidth product: 1.2GHz 
at 17dB 


e Slew rate: 600/Vus 
e Full power response: 48MHz 
© Ayo_: 52dB typical 
e 350MHz unity gain 


APPLICATIONS 

e Fast pulse amplifiers 

e RF oscillators 

e Fast sample and hold 

e High gain video amplifiers 
(BW > 20MHz) 


TEMPERATURE RANGE 


11-89 


PIN CONFIGURATION 


D, F, N Packages 


2 | FREQUENCY 
COMPENSATION 


cpo9921S 


TOP VIEW 
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Ultra-High Frequency Operational Amplifier NE/SE5539 


EQUIVALENT CIRCUIT 


O (12) FREQUENCY COMP. 


O (10) +Vcc 


DC ELECTRICAL CHARACTERISTICS Voc = +8V, Ta = 25°C, unless otherwise specified. 


SYMBOL PARAMETER TEST CONDITIONS | _sessso_ | NESSI0 UNIT 
in [ve [moe i [9 [tn 


| Over temp | 
epee ee BEER 
Cts wre 


fe 
7 


Ta = 25°C 


oO 


=| 
~ 
ro) 


sell 
oO 
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Ultra-High Frequency Operational Amplifier NE/SE5539 


DC ELECTRICAL CHARACTERISTICS (Continued) Vcc =+8V, Ta = 25°C, unless otherwise specified. 


yp yp 
= fem Smee PPS 


Output voltage swing RL gy to [5-25] — 
razave | tomes fres| ess 


; ee 


eee tetet P te 
Negative supply current Vo =0, Ry = 
tanase | [ai [a] [a [as | © 
Power supply rejection ratio AVcoc = $1V yV/V 
Ta=25rc | | | |__| 200 | 1000 
A Large signal voltage gain To teat, try 
VOL sible ge 9 R= 1502 to GND, 4702 to -Voc 
| | Vo=+2av,-17v | | 
Avot Large signal voltage gain R, = 22 to GND ae 
A O Large signal voltage gain Vo = +2.5V, -2.0V | Over temp | 46 | | 60 | 
VOL - 
DC ELECTRICAL CHARACTERISTICS Vcc =+6V, Ta = 25°C, unless otherwise specified. 
SYMBOL PARAMETER TEST CONDITIONS Eaees 
nput offset voltage 
- ; tanasro | [2 [3 | 


eae | 


ee ee cee 


WAR | Conmonmede wiecion aio ‘| ——Vow=staviAg=toon | 7 | es | | oo 


a ee 
| iotmnmome | ee 
Ficoll nbmsedasesa OUassacu Ms: ten in ei Kok 


Output voltage swing 
g +1.5 +20 
er +45 | +20 
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AC ELECTRICAL CHARACTERISTICS Vcc = +8V, Ry, = 1502 to GND & 4702 to -Vgc, unless otherwise specified. 


eee eee ae te 
es [setting ime | Ame mvs | | is | | ds | ds 


sa [sew wie «| Aa=ammssont | | ooo | | | ww) | vm 
wo | Poaesion oy | An=anmwson| | 7 | | | 7 

[| Fa power reponse | Aa=ami=wson| | | | 

/—[ Fa-power response | _wv=7. m=1son' | | ao | 

[Tpit raise wotage | rs-on | sd «| dC 


NOTE: 
1. External compensation. 


AC ELECTRICAL CHARACTERISTICS Vcc = +6V, R= 1502 to GND and 3902 to -Vocc, unless otherwise specified. 


SYMBOL PARAMETER 
BW 


min | typ | Max 
Bw | Gain banth promise Tf mf 
TT sata! pst rg 
a 
Or 
aa as 
ae ae ae 


NOTE: 


1. External compensation. 


TYPICAL PERFORMANCE CURVES 


NE5539 Open-Loop Phase NE5539 Open-Loop Gain 


1 
oon | | TN TT 
ll! 
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TYPICAL PERFORMANCE CURVES (Continued) 


Power Bandwidth (SE) Power Bandwidth (NE) 


P-P OUTPUT VOLTS 
P-P OUTPUT VOLTS 


FREQUENCY IN CYCLES PER SECOND 
OP05210S 


Power Bandwidth 


\_ 


FREQUENCY IN CYCLES PER SECOND 


SE5539 Open-Loop Phase vs Frequency 


FREQUENCY IN CYCLES PER SECOND 
FREQUENCY IN CYCLES PER SECOND 


NOTE 


LMA ‘iatrvston 86°C < Tp < 125°C 
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CIRCUIT LAYOUT cal circuit layout is extremely critical. Bread- example utilizing a 28dB non-inverting amp is 
CONSIDERATIONS boarding is not recommended. A double- shown in Figure 1. 
sided copper-clad printed cirucit board will 


As may be expected for an ultra-high frequen- ; 
J ‘ 9 q result in more favorable system operation. An 


cy, wide gain bandwidth amplifier, the physi- 


RF 


O 
—14 
10 
8 


NE5539 
7 


NOTES: 
Ry = 752 5% CARBON Rs = 20k TRIMPOT (CERMET) RFC 3T # 26 BUSSWIRE ON 
Re = 762 5% CARBON Re = 1.5k (28dB GAIN) FERROXCUBE VK 200 09/3B CORE 
R3 = 752 5% CARBON Re = 4702 5% CARBON BYPASS CAPACITORS 
R4 = 36k 5% CARBON 1nF CERAMIC 
(MEPCO OR EQUIV.) 


Top Plane Copper! Component Side Bottom Plane 
(Component Side) (Component Layout) Copper’ 


DFO5910S 


NOTES: 
(X) indicates ground connection to top plane. 
*Re is on bottom side. 


NOTE: 
Bond edges of top and bottom ground plane copper. 


Figure 1. 28dB Non-Inverting Amp Sample PC Layout 
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750 
fr SPEED 


NE5539 COLOR VIDEO 


AMPLIFIER 

The NE5539 wideband operational amplifier 
is easily adapted for use as a color video 
amplifier. A typical circuit is shown in Figure 2 
along with vector-scope' photographs show- 
ing the amplifier differential gain and phase 
response to a standard five-step modulated 
staircase linearity signal (Figures 3, 4 and 5). 
As can be seen in Figure 4, the gain varies 
less than 0.5% from the bottom to the top of 
the staircase. The maximum differential 
phase shown in Figure 5 is approximately 
0,1". 


The amplifier circuit was optimized for a 7592 -V 22nF 
input and output termination impedance with 
a gain of approximately 10 (20dB). = 


TC08750S 
NOTE: 
1. The input signal was 200mV and the output 2V. 
Voc was + 8V. 


Figure 2. NE5539 Video Amplifier 


DFO5950S 


Figure 3. Input Signal Figure 4. Differential Gain < 0.5% 


NOTE: 
1. Instruments used for these measurements were Tektronix, 146 NTSC test signal generator, 520A NTSC vectorscope, and 1480 waveform monitor. 
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DFO5960S 


Figure 5. Differential Phase +0.1° 


APPLICATIONS 


TC08770S 


Figure 7. Inverting Follower 
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NE5539 DESCRIPTION 

The Signetics NE/SE5539 ultra-high frequen- 
cy operational amplifier is one of the fastest 
monolithic amplifiers made today. With a unity 
gain bandwidth of 350MHz and a slew rate of 
600V/ us, it is second to none. Therefore, it is 
understandable that to attain this speed, 
standard internal compensation would have 
to be left out of its design. As a consequence, 
the op amp is not unconditionally stable for all 
closed-loop gains and must be externally 
compensated for gains below 17dB. Properly 
done, compensation need not limit slew rate. 
The following will explain how to use the 
methods available with the NE/SE5539. 


LEAD AND LAG-LEAD 
COMPENSATION 


A useful method for compensating the device 
for closed-loop gains below seven is to use 
lag-lead and lead networks as shown in 
Figure 1. The lead network is primarily con- 
cerned with compensating for loss of phase 
margin caused by distributed board capaci- 
tance and input capacitance, while lag-lead is 
mainly for optimizing transient response. 
Lead compensation modifies the feedback 
network and adds a zero to the overall 
transfer function. This increases the phase, 
but does not greatly change the gain magni- 
tude. This zero improves the phase margin. 


To determine components, it can be shown 
that the optimal conditions for amplifier stabil- 
ity occur when: 


(R1)(Cpist) = (Re) (CLeap) (1) 


INVERTING 


TCO9940S 


AN140 


Compensation Techniques for 
Use With the NE/SE5539 


Application Note 


However, when the stability criteria is ob- 
tained, it should be noted that the actual 
bandwidth of the closed-loop amplifier will be 
reduced. Based on using a double-sided cop- 
per-clad printed circuit board with a distribut- 
ed capacitance of 3.5pF and a unity gain 
configuration, CLEap would be 3.5pF. Another 
way of stating the relationship between the 
distributed capacitance closed-loop gain and 
the lead compensation capacitor is: 


R1 


Cyeap = Gpist — (2) 
Re 


When bandwidth is of primary concern, the 
lead compensation will usually be adequate. 
For closed-loop gains less than seven, lag- 
lead compensation is necessary for stability. 


If transient response is also a factor in design, 
a lag-lead compensation network may be 
necessary (Reference Figure 1). For practical 
applications, the following equations can be 
used to determine proper lag-lead compo- 
nents: 


Re 


———_— 27 (4) 
R1/RiaG 


Therefore, 


Re 


a (5) 
7-Re/R1 


RiaG 


Using the above equation will insure a closed- 
loop gain of seven above the network break 


NON-INVERTING 
TC09950S 


Figure 1. Standard Lag-Lead Compensation 
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11-97 


frequency. Ciag may now be approximated 
using: 


27(GBW) 
Wiac = a Rad/Sec (6) 
m™(GBW) 
W.iaG = = Rad/Sec (7) 
where 
eo (8) 
(RLaG)(CLaa) 
therefore, 
m™(GBW) _ 1 


————— (9) 
5 (RLaa)(CLaa) 


and 
5 


= ——____ (10) 
mR ag(GBW) 


CLaG 


LAG-LEAD 
COMPENSATION 
WILL CONTROL 
GAIN PEAKING 


(GAIN 
PEAKING) 


OP06210S 


a. Closed-Loop Inverting Gain of 
Seven Gain-Phase Response 
(Uncompensated) 


10MHz 100MHz 1GHz 


OP06220S 


b. Open-Loop Phase 


Figure 2 
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This method adds a pole and zero to the 
transfer function of the device, causing the 
actual open-loop gain and phase curve to be 
reshaped, thus creating a progressive im- 
provement above the critical frequency where 
phase changes rapidly. (Near 70MHz, see 
Figures 2a and 2b.) But also, the lag-lead 
network can be adjusted to optimize gain 
peaking for transient responses. Therefore, 
rise time, overshoot, and settling time can be 
changed for various closed-loop gains. The 
result of using this technique is shown for a 
iaasite pulse amplifier in Figure 3. 


Figure 3. Compensated Pulse Response 


SMALL SIGNAL RESPONSE 


100mvV/DIV 


10ns/DIV 


INVERTING NON-INVERTING 
TC09960S 


Figure 4. Pin 12 Compensation 


INVERTING NON-INVERTING 


TCO9s980S 
Figure 5. Pulse Response Test Circuits 
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CRITICALLY DAMPED 


OUTPUT 


UNDER DAMPED 


100mV/DIV 


10ns/DIV 


RISE TIME —2.4ns 
Rc = 1180) — Co =4.6pF 
PROPAGATION DELAY =2.3ns 


(a) 


RISE TIME —2.1ns 
Rc = 200 — Cc=5.4pF 
PROPAGATION DELAY =2.3ns 


(b) 


Figure 6. Small Signal Response — Non-Inverting 


CRITICALLY DAMPED 


INPUT 
OUTPUT 


UNDER DAMPED 


100mV/DIV 


10ns/DIV 


RISE TIME 5.3ns 
Rc = 2262 — Co =2.3pF 
PROPAGATION DELAY =5.1ns 


(a) 


DF06030S 
RISE TIME —3.3ns 


Rc = 4602 — Cc =2.0pF 
PROPAGATION DELAY = 4.5ns 


(b) 


Figure 7. Small Signal Response — Inverting 


USING PIN 12 COMPENSATION 
An alternate method of external compensa- 
tion is obtained by use of the NE/SE5539 
frequency compensation pin. The circuits in 
Figure 4 show the correct way to use this pin. 
As can be seen, this method saves the use of 
one capacitor as compared to standard lag- 
lead and lead compensation as shown in 
Figure 1. 


But, most importantly, both methods are 
equally effective; i.e., a good wide-band am- 
plifier below 17dB, with control over ringing 
and overshoot. For example, inverting and 
non-inverting amplifier circuits using Pin 12 
are shown in Figure 5. The corresponding 
pulse response for each circuit is shown in 
Figures 6 and 7 for the network values 
recommended. As shown by the response 
photos, the overshoot and settling time can 
be controlled by adjusting Ro and Ceo. In 
damping the overshoot, rise time is slightly 


February 1987 


decreased. Also, the non-inverting configura- 
tion (Figure 6) gives a very fast response time 
compared to the inverting mode. 


TC10000S 


Figure 8. Co Will Reduce Output 
Offset and Noise 


lf it is important to reduce output offset 
voltage and noise, an additional capacitor, 
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AN140 


Co, can be added in series with the resistor 
(Rc) across the inputs. This should be a large 
value to block DC but not affect the benefits 
of the compensation components at high 
frequencies. A value of 0.01uF as shown in 
Figure 8 is sufficient. 


INTERNAL CHARACTERISTICS 
OF THE NE/SE5539 


In order to better understand the compensa- 
tion procedure, a detailed discussion of the 
amplifier follows. 


The complete amplifier schematic is shown in 
Figure 9. To clarify the effect of the compen- 
sation pin, the schematic is split into five main 
parts as shown in Figure 10. 


Each segment in Figure 10 is defined as 
follows: starting from the non-inverting input, 
Section A; is the amplification from the input 
to the base of transistor Q4. Ao is from the 
base of Q,4 to the summation point at the 
collector of Q3. Furthermore, A3 represents 
the gain from the non-inverting input to the 
summation point via the common emitter side 
of Qo and Qs. Finally, Br is the feedback 
factor of the positive feedback loop from the 
collector of Q3 to the base of Q4. 


From Figure 10, it can be seen that the total 
gain (Ar) is: 


Ai Ao 


i nce oesheilig CT ot Bs Ait 
1 - (Br Ag) 


At 


Each term in this equation plays a role at 
different frequencies to determine the total 
transfer function of the device. Of particular 
importance is the pole in A3 (near 340MHz) 
which causes a roll-off of 12dB/octave and 
loss of phase margin just before unity gain. 
This can be seen in the Bode plot in Figure 
11a. To overcome this pole, a capacitor and 
resistor are connected as shown in Figures 
12a and 12b. The compensation pin is con- 
nected to the emitter of Qs, which is in an 
emitter-follower configuration. Therefore, a 
reactance connected to Pin 12 acts essential- 
ly as if it were connected at the base of Qs. 
Since the capacitor is connected here, it is 
now a component of Br and a zero is added 
to the transfer function. The resistor across 
the input pins controls overall gain and caus- 
es Az to cross OdB at a lower frequency; the 
capacitor in the feedback loop controls phase 
shift and gain peaking. 


To further explain, Bode plots of open-loop 
response using varying capacitor values and 
corresponding pulse responses are shown in 
Figures 13a through 13f. The changes in gain 
and phase can readily be seen, as is the 
effect on bandwidth. 


Signetics Linear Products Application Note 


Compensation Techniques for Use With the NE/SE5539 AN140 


COMPENSATION 
e 


Figure 10. Internal Sections 
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COMPUTER ANALYSIS 

The open-loop and pulse response plots 
were generated using an IBM 370 computer 
and SPICE, a general-purpose circuit simula- 
tion program. Each transistor in the part is 
mathematically modeled after actual device 
parameters, which were measured in the 
laboratory. These models are then combined 
with the resistors and voltage sources 
through node numbers so that the computer 
knows where each is connected. 


PHASE (¢) 


f (MHz) 


a. Open-Loop Gain — No 
Compensation (Computer 
Simulation) 


/AWAVAVIAWA RT 
nN \ 


50mV/DIV 


| | tt tT Td neur | 
pt tt te 
sees 


5ns/DIV 
OP06240S 


b. Closed-Loop Non-inverting 
Response — No Compensation 
(Computer Simulation — 
Oscillation is Evident) 


Figure 11 


To indicate the accuracy of this system, the 
actual open-loop gain is compared to the 
computer plots in Figures 14 and 15. The real 
payoff for this system is that once a credible 
simulation is achieved, any outside circuit can 
be modeled around the op amp. This would 
be used to check for feasibility before bread- 
boarding in the lab. The internal circuit can be 
treated like a black box and the outside circuit 
program altered to whatever application the 
user would like to examine. 
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ALTERNATE 
LOWERS OFFSET 


TC10030S 


a. Pin 12 Compensation Showing Internal Connections — Inverting 


Co Re 
ALTERNATE 
LOWERS OFFSET 
7C10040S 


b. Pin 12 Compensation Showing Internal Connections — Non-inverting 


Figure 12 
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f (MHz) 


a. Open-Loop Pin 12 Compensation — 
Rc = 20022, Cc = ipF, 
(Computer Simulation) 


50mV/DIV 


5ns/DIV 


d. Closed-Loop Non-Inverting Pulse 
Response — Rc = 20022, Cc = 2pF, Av=3 
(Computer Simulation — Critically-Damped) 


10MHz 100MHz 350 1GHz 


OP06310S 


Figure 14. Actual Open-Loop Gain 
Measured in Lab 
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|| 
|| 
 glbecelcetel nina ceiacleassl eae MH 1-2 

| fineur] | UL | 
qj | tT tT | tT 


50mV/DIV 


5ns/DIV 


OP06280S 


b. Closed-Loop Non-Inverting Pulse 
Response — Rc = 20082, Cc = ipF, 
Ay =3 (Computer 
Simulation — Underdamped) 


f (MHz) 


OP06270S 


e. Open-Loop Pin 12 Compensation — 


Rc = 20022, Cc = 3pF, 
(Computer Simulation) 


Figure 13 


f (MHz) 


Figure 15. Computer-Generated 
Open-Loop Gain 
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f (MHz) 


c. Open-Loop Pin 12 Compensation — 
Rc = 20022, Cc = 2pF (Computer 
Simulation) 


5ns/DIV 
OP06300S 
f. Closed-Loop Non-Inverting Pulse 


Response — Rc = 20022, Cc = 3pF, Ay =3 
(Computer Simulation — Overdamped) 


1. J. Millman and C. C. Halkias: /ntegrated 
Electronics: Analog and Digital Circuits and 
Systems, McGraw-Hill Book Company, New 
York, 1972. 


2. A. Viadimirescu, Kaihe Zhang, A. R. New- 
ton, D. O. Peterson, A. Sanquiovanni-Vincen- 
telli: "Spice Version 2G,"' University of Cali- 
fornia, Berkeley, California, August 10, 1981. 


3. Signetics: Analog Data Manual 1983, 
Signetics Corporation, Sunnyvale, California 
1983. 
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DESCRIPTION 


The NE5592 is a dual monolithic, two- 
stage, differential output, wideband vid- 
eo amplifier. It offers a fixed gain of 400 
without external components and an 
adjustable gain from 400 to 0 with one 
external resistor. The input stage has 
been designed so that with the addition 
of a few external reactive elements be- 
tween the gain select terminals, the 
circuit can function as a high-pass, low- 
pass, or band-pass filter. This feature 
makes the circuit ideal for use as a video 
or pulse amplifier in communications, 
magnetic memories, display, video re- 
corder systems, and floppy disk head 
amplifiers. 


ORDERING INFORMATION 


EQUIVALENT CIRCUIT 
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DESCRIPTION TEMPERATURE RANGE ORDER CODE 
14-Pin Plastic DIP 0 to 70°C | NES592N 
14-Pin SO package 0 to 70°C | NESS92D 


NES592 


Video Amplifier 


Product Specification 


FEATURES 

@ 120MHz bandwidth 

e Adjustable gain from 0 to 400 

e Adjustable pass band 

e No frequency compensation 
required 

e Wave shaping with minimal 
external components 


APPLICATIONS 

e Floppy disk head amplifier 

e Video amplifier 

e Pulse amplifier in 
communications 

e Magnetic memory 

e Video recorder systems 


O OUTPUT 1 


O OUTPUT 2 


-V 
LD08030S 
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PIN CONFIGURATION 


D, N Packages 


TOP VIEW 


CD13050S 


853-0888 85933 
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ABSOLUTE MAXIMUM RATINGS T, = 25°C, unless otherwise specified. 


Output current 


Operating temperature range 


| sta Storage temperature range -65 to +150 po 
| Po _| Power dissipation a ee 


DC ELECTRICAL CHARACTERISTICS T, = +25°C, Vsg = +6V, Voy =0, unless otherwise specified. Recommended 


operating supply voltage is Vs = +6.0V, and gain select pins are connected together. 
SYMBOL PARAMETER 


TEST CONDITIONS 


_min | Typ | Max 
[J Bierenia vonage van dC HAAR Vowr= ver ———~+d| ato ‘|. | ooo | VV 
FN 
om | wot capactancs ———S«dSSSCSC~S 
Ties | rout ofset ment Sd SSCSC~—ST 
ee 
eae 


Input bias current 
a Input noise voltage BW 1kHz to 10MHz 


ie ; Vom + 1V, f < 100kHz 
CMRR Common-mode rejection ratio Vom + 1V, f = 5MHz 


| PSRR | Supply voltage rejection ratio AVs = + 0.5V | 50 
. Vout = 1Vp.p; f = 100kHz 
La i aaa (output referenced) R, = 1kQ 
Output offset voltage RL = 00 
gain select pins open RL =° 
boo AL= 2a | 


Output differential voltage swing Ry = 2kQ 
Output resistance 


Power supply current 
“ (total for both sides) 
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DC ELECTRICAL CHARACTERISTICS Vss =+6V, Vow = 0, 0°C <T,a <70°C, unless otherwise specified. Recommended 
operating supply voltage is Vs = +6.0V, and gain select pins are connected together. 


LIMITS 
SYMBOL PARAMETER TEST CONDITIONS rac UNITS 
Typ | Max _ 


| Biren votage van «YS Ver =vew ——~«|; 60 | «a0 | ooo | VN 

a 
a 
<n RN SN a S_ a 
a a NNN ED 


+ 
= wee te TT 


| PSRR | Supply voltage rejection ratio voltage rejection ratio FAV tOBV = FAV tOBV 0.5V 


Vout = 1Vp.p; f = 100kHz 
_ Channel separation (output referenced) Ry = 1kQ 


Output offset voltage 
gain select pins connected 
together 
gain select pins open 


Output differential voltage swing a ee = a ee 
Power supply current 
(total for both sides) 


AC ELECTRICAL CHARACTERISTICS Tj =+25°C, Vss=+6V, Vow =0, unless otherwise specified. Recommended 


operating supply voltage Vs = +6.0V. Gain select pins connected together. 
SYMBOL PARAMETER 


Perea 
a 
a OO 
So 2 


TEST CONDITIONS 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Common-Mode Rejection Ratio Output Voltage Swing as a Channel Separation as a 
as a Function of Frequency Function of Frequency Function of Frequency 


THO - 
3 


ee He 
10 ve °V 
0 revi 


OUTPUT VOLTAGE — Vp-p 


COMMON MODE REJECTION RA 


105 106 107 
FREQUENCY - Hz 


Differential Overdrive Pulse Response as a Pulse Response as a 
Recovery Time Function of Supply Voltage Function of Temperature 


val_ve= sel T TT TT | 
raf iRe= eo] | | | tT 
eh sees 
o.o[ 1% = vc aeons 
ast | | AS ea 
FERRY ANE 


1 = poe 


Seeger arr 
\eene Zane 
anne 


OUTPUT VOLTAGE - V 


é 
) 
= > 
= 
> uy 
i < 
> - 
8 5 
WwW > 
x - 
2 
« 
} 
x 
> 
o 


-15-10-5 0 5 10 15 20 25 30 35 -15-10-5 0 5 10 15 20 25 30 35 
120 160 200 TIME - ns TIME - ns 
DIFFERENTIAL INPUT VOLTAGE - mV 


OP 186108 


Voltage Gain as a Gain vs Frequency as a Voltage Gain as a 
Function of Temperature Function of Temperature Function of Supply Voltage 


RELATIVE VOLTAGE GAIN - dB 
VOLTAGE GAIN - dB 
VOLTAGE GAIN - dB 


EE 
q | 
” eons " 107 108 JVe Roe 


FREQUENCY - Hz 
SUPPLY VOLTAGE - V 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Gain vs Frequency as a Phase vs Frequency as a Voltage Gain as a 
Function of Supply Voltage Function of Supply Voltage Function of Rapy 


TUT TT Tt ta = asec 
ST | TT 


Ri = 1k0 


ris TT NWT 
COE TT 
Hee HH = 
PCA 240 - fT . 


5 6 7 9 
10 10 10 108 10 FREQUENCY - Hz Rapy. - OHMS 
FREQUENCY - Hz 


VOLTAGE GAIN - dB 
PHASE SHIFT - DEGREES 
VOLTAGE GAIN 


OP 18670S OP 18690S 


Output Voltage Swing and Sink 
Supply Current as a Supply Current as a Current as a Function of Supply 
Function of Temperature Function of Supply Voltage Voltage 


Three] | 
ee 


< < 
Ee = 
- 
z = 
wW WwW 
< x 
« « 
2 = 
- rs) 
J > 
a | 
a a 
2B 3 
7/) 


Pd 
PCP 
PEE 
CCE 
3 4 5 6 7 8 


SUPPLY VOLTAGE - +V SUPPLY VOLTAGE - +V 


OUTPUT VOLTAGE SWING - Vp 
OUTPUT SINK CURRENT - mA 


TEMPERATURE - °C 


OP 18700S OP 18710S 


Output Voltage Swing as a Input Resistance as a Input Noise Voltage as a 
Function of Load Resistance Function of Temperature Function of Frequency 


Bm cel 
Satta ina 

PTT FT TT 
ort 
BED anneal 


OUTPUT VOLTAGE SWING - Vp-p 


INPUT RESISTANCE - kQ 
INPUT NOISE VOLTAGE - nV//Hz 


10 20 30 40 50 60 70 
LOAD RESISTANCE - OHMS 
TEMPERATURE - °C FREQUENCY - Hz 


OP 18730S 
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Video Amplifier NE5592 


TEST CIRCUITS T, = 25°C, unless otherwise specified. 


TC21370S 


Vs = t6V Ta = 25°C 
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DESCRIPTION 


The NE/SE592 is a monolithic, two- 
stage, differential output, wideband vid- 
eo amplifier. It offers fixed gains of 100 
and 400 without external components 
and adjustable gains from 400 to 0 with 
one external resistor. The input stage 
has been designed so that with the 
addition of a few external reactive ele- 
ments between the gain select termi- 
nals, the circuit can function as a high- 
pass, low-pass, or band-pass filter. This 
feature makes the circuit ideal for use as 
a video or pulse amplifier in communica- 
tions, magnetic memories, display, video 
recorder systems, and floppy disk head 
amplifiers. Now available in an 8-pin 
version with fixed gain of 400 without 
external components and adjustable 
gain from 400 to O with one external 
resistor. 


EQUIVALENT CIRCUIT 


November 6, 1986 


NE/SE592 


Video Amplifier 


Product Specification 


FEATURES 

@ 120MHz bandwidth 

e Adjustable gains from 0 to 400 
e Adjustable pass band 


e No frequency compensation 
required 


e Wave shaping with minimal 
external components 


APPLICATIONS 
e Floppy disk head amplifier 
e Video amplifier 


@ Pulse amplifier in 
communications 


e Magnetic memory 
e Video recorder systems 


O OUTPUT 1 


11-109 


PIN CONFIGURATIONS 


D, F, N Packages 


Gap GAIN 
SELECT 
Gis GAIN 
SELECT 


Goa GAIN 
SELECT 
Gy, GAIN 
SELECT 


OUTPUT 2 | 8 | OUTPUT 1 


TOP VIEW 
H Package* 
Gaa GAIN SELECT 


INPUT 1 Gia GAIN 


SELECT 


INPUT 2 


Gop GAIN 
SELECT 


SELECT 


NOTES: 
Pin 5 connected to case. 
*Metal cans (H) not recommended for new designs. 


D, F, N, Packages 


OUTPUT 2 [4 | 15 | OUTPUT 1 


TOP VIEW 


cp09810S 
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Video Amplifier NE/SES592 


ORDERING INFORMATION 


Ok 


8-Pin Plastic Dip 0 to +70°C 


10-Lead Metal Can SE592H 


NOTE: 
Also N8, N14, D8 and D14 package parts available in ''High'' gain version by adding ''H'' before package 
designation, as: NE592HD8. 


ABSOLUTE MAXIMUM RATINGS T, = +25°C, unless otherwise specified. 


Differential input voltage 


Operating temperature range 
SE592 -55 to +125 
0 to +70 


Storage temperature range -65 to +150 
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Video Amplifier NE/SE592 


DC ELECTRICAL CHARACTERISTICS Ty, =+25°C, Vsg = +6V, Voy =0, unless otherwise specified. Recommended 
operating supply voltages Vs = +6.0V. All specifications apply to both standard and 
high gain parts unless noted differently. 


Ri = 2k, Vout = 3Vp.p 


[min | typ | Max | Min | Typ | Max | 
Gain 11 


“ =“ slelesleleles| we 
standard part 
Gain 1' 250 | 400 | 600 | 300 | 400 | 500 V/V 
80 | 100 | 120 | 90 | 100 | 110 V/V 
| 400 | soo | coo} | | | 
Gain 22 4 
Gn | tmput capactanes™ [cam a® ~~ feo | | feo] | 
Pics | iput onset cures || fo oT foe | 80 [em 


Gain 22 4 
Tite sn pat 
a a 
Tice | wow rote wine ewww we [fe] | te] | Wee 


Input resistance 
P¥n | teputvotage range S| SCO] Ost 


CMRR Common-mode rejection ratio 
Gain 24 Vomt 1V, f < 100kHz 


Gain 24 Vomt 1V, f = 5MHz 


Supply veriage rejection ratio 
Gain 24 AVs = + 0.5V 70 70 


Output offset voltage 
Gain 1 V 
Gain 24 ; V 

Gain 3° V 

oe | 


[vou | Output conmonnods wage | Arw™ | aa [a0 fea | ae | 20 | a 


Vout Output voltage swing Ry = 2kQ 4.0 4.0 
differential 


a 
Se TERN SN A 


NOTES: 

1. Gain select Pins G;, and Gjg connected together. 
2. Gain select Pins Goa and Gop connected together. 
3. All gain select pins open. 

4. Applies to 10- and 14-pin versions only. 
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Video Amplifier NE/SE592 


DC ELECTRICAL CHARACTERISTICS Ves =+6V, Vow =0, 0°C <Ta <70°C for NE592; -55°C < Ta < 125°C for SE592, 
unless otherwise specified. Recommended operating supply voltages Vs = +6.0V. All 
specifications apply to both standard and high gain parts unless noted differently. 


SYMBOL PARAMETER TEST CONDITIONS | meses | seer UNIT 
Min | typ | Max | Min | typ | Max_ 
Differential voltage gain, 
standard part 
Gain 1! Ry = 2kQ2, Vout = 3Vp.p | 250 600 | 200 600 V/V 
Gain 22 4 80 120 | 80 120 V/V 
| 500 |eoo] | | | w 


Input resistance 
Gain 2 4 


Input offset current 


Common-mode rejection ratio 

Gain 24 Vomt 1V, f < 100kHz 
Supply voltage rejection ratio 

Gain 24 AVs = £0.5V 


me a 


Output voltage swing 
differential 
loc Power supply current 


NOTES: 

1. Gain select Pins Gi, and Gjg connected together. 
2. Gain select Pins Goa and Gog connected together. 
3. All gain select pins open. 

4. Applies to 14-pin version only. 


AC ELECTRICAL CHARACTERISTICS Ta = +25°C, Vsg = +6V, Vow =0, unless otherwise specified. Recommended 
operating supply voltages Vs = +6.0V. All specifications apply to both standard and 
SYMBOL PARAMETER 


high gain parts unless noted differently. 
BW Bandwidth 
Gain 1' 
Gain 22 4 


| | z ese UNIT 
min | typ | Max | min | typ | Max 
40 40 MHz 
90 90 MHz 
Rise time 
Gain 1! Vout = 1Vp.p 10.5 
Gain 22 4 4.5 
Propagation delay 
Vout = 1Vp.p 78 7.5 
6.0 6.0 
NOTES: 


Gain 1' 
Gain 22 4 

1. Gain select Pins Gy, and Gig connected together. 

2. Gain select Pins Goa and Gog connected together. 

3. All gain select pins open. 

4. Applies to 10- and 14-pin versions only. 


TEST CONDITIONS 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Common-Mode Rejection Ratio Output Voltage Swing As 
as a Function of Frequency a Function of Frequency Pulse Response 


100 : ’ 
SH ie ven: ne att vo: fay 
= will oe Ta= 2c : Ta= 25°C 


AL= tka 


& 


8 8 
pzaesseeet 
eg ss 


OUTPUT VOLTAGE SWING—Vpp 
OUTPUT VOLTAGE—V 


COMMON-MODE REJECTION RATIO—dB 
3 $ 


Oo 
_ 


FREQUENCY—Hz FREQUENCY—MHz TIME—ns 


OP04421S 


Differential Overdrive Pulse Response as a Pulse Response as a 
Recovery Time Function of Supply Voltage Function of Temperature 


OVERDRIVE RECOVERY TIME—ns 
OUTPUT VOLTAGE—V 
OUTPUT VOLTAGE—V 


neon 
AT 


0 4 -0.4 
i 20 40 60 80 100 120 140 160 180 200 10 15 20 25 30 35 “15-10 -5 0 5S 10 15 20 25 30 35 
DIFFERENTIAL INPUT VOLTAGE—mvV TIME—ns TIME—ns 


Voltage Gain as a Gain vs Frequency as a Voltage Gain as a 
Function of Temperature Function of Temperature Function of Supply Voltage 


RELATIVE VOLTAGE GAIN 
SINGLE ENDED VOLTAGE GAIN—dB 
RELATIVE VOLTAGE GAIN 


100 
FREQUENCY—MHz 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Gain vs Frequency 
as a Function of Voltage Gain Voltage Gain as a 
Supply Voltage Adjust Circuit Function of RADJ (Figure 3) 


AGE GAIN—V/V 


SINGLE ENDED VOLTAGE GAIN—dB 
' 
DIFFERENTIAL VO 


Vs = +6V Ta = 25°C 


eh 


OP04530S 


Output Voltage and Current 
Supply Current as a Supply Current as a Swing as a Function of 
Function of Temperature Function of Supply Voltage Supply Voltage 


ae 


< 
E 
I 
- 
4 
w 
« 
« 
> 
oO 
> 
é 
2 
” 


SUPPLY CURRENT—mA 


ACL 


OUTPUT VOLTAGE SWING—V OR 
OUTPUT SINK CURRENT—mA 


SNS ie 


20 20 60 
° 
TEMPERATURE—°C anni y vourao=# 


Output Voltage Swing Input Resistance Input Noise Voltage 
as a Function of as a Function of as a Function of 
Load Resistance Temperature Source Resistance 


a 
LETT 
“EEA TT 

Liev Till | TU | 


LOAD neneTANCe- 0 


OUTPUT VOLTAGE SWING—V pp 
INPUT NOISE VOLTAGE— Vrms 


November 6, 1986 11-114 


Signetics Linear Products Product Specification 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) TEST CIRCUITS T, = 25°C, unless 


otherwise specified. 


Phase Shift as a 
Function of Frequency 


Phase Shift as a 
Function of Frequency 


PHASE SHIFT—DEGREES 
‘ 1 ' ‘ 


PHASE SHIFT—DEGREES 
t ' 


3. 4 5 6 7 8 9 10 
FREQUENCY—MHz 


FREQUENCY—MHz 


Voltage Gain as a 


Voltage Gain as a Function of Frequency 
Function of Frequency (All Gain Select Pins Open) 
60 
Vs= 
50 


= AL= 1Kn 


ee en 


VOLTAGE GAIN—dB 
VOLTAGE GAIN—dB 


Led 
wa 
ae a 
ae oe 
a 2. ae 
| Z| \h | 
Y | i\\ | 
Leen eee 
ae 
a 


FREQUENCY—MHz FREQUENCY—MHz 
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TYPICAL APPLICATIONS 


NOTE: 
Vols) _ 1.4 x 104 


Vi(s) (8) + 2te 

4X 104 

~ Z(s) + 32 
Basic Configuration 


AMPLITUDE: 1-10 mV BP 
PREQUENCY: 1-4 Miz 


READ HEAD ZERO CROSSING DETECTOR 


NOTE: 
For frequency F; << em (32)C 


dVi 
Vo ¥ 1.4 X 104C— 
dT 


Differentiation With High 


Disc/Tape Phase-Modulated Readback Systems Common-Mode Noise Rejection 
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Video Amplifier NE/SE592 


FILTER NETWORKS 
FILTER Vo (s) TRANSFER 
Z NETWORK 
Se 
BR c 
OIA be 
R t Cc 
wT _{ }+—_o BAND PASS [| ————— | 


L 
BAND REJECT 
Cc 


NOTE: 
In the networks above, the R value used is assumed to include 2re, or approximately 3222. 


1.4 x 104 s2 + 1/LC 
R s2 + 1/LC + s/RC 
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VIDEO AMPLIFIER PRODUCTS 


NE/SE592 Video Amplifier 

The 592 is a two-stage differential output, 
wide-band video amplifier with voltage gains 
as high as 400 and bandwidths up to 
120MHz. 


Three basic gain options are provided. Fixed 
gains of 400 and 100 result from shorting 
together gain select pins Gi,a—-Gj,g and 
Goa — Gop, respectively. As shown by Figure 
1, the emitter circuits of the differential pair 
return through independent current sources. 
This topology allows no gain in the input 
stage if all gain select pins are left open. 
Thus, the third gain option of tying an external 
resistance across the gain select pins allows 
the user to select any desired gain from 0 to 
400V/V. The advantages of this configuration 
will be covered in greater detail under the 
filter application section. 


Three factors should be pointed out at this 
time: 


1. The gains specified are differential. Single- 
ended gains are one-half the stated value. 


2. The circuit 3dB bandwidths are a function 
of and are inversely proportional to the gain 
settings. 


3. The differential input impedance is an in- 
verse function of the gain setting. 


In applications where the signal source is a 
transformer or magnetic transducer, the input 
bias current required by the 592 may be 
passed directly through the source to ground. 
Where capacitive coupling is to be used, the 
base inputs must be returned to ground 
through a resistor to provide a DC path for the 
bias current. 


Due to offset currents, the selection of the 
input bias resistors is a compromise. To 
reduce the loading on the source, the resis- 
tors should be large, but to minimize the 
output DC offset, they should be 
small — ideally 022. Their maximum value is 
set by the maximum allowable output offset 
and may be determined as follows: 


1. Define the allowable output offset (assume 
1.5V). 


February 1987 


AN144 
Using 
Amplifier 


Application Note 


the NE/SE592 Video 


Table 1. Video Amplifier Comparison File 


2. Subtract the maximum 592 output offset 
(from the data sheet). This gives the output 
offset allowed as a function of input offset 
currents (1.5V - 1.0V = 0.5V). 


3. Divide by the circuit gain (assume 100). 
This refers the output offset to the input. 


4. The maximum input resistor size is: 


Input Offset Voltage 
i (1) 


Max Input Offset Current 
0.005V 
SyA 


= 1.00k22 


Of paramount importance during the design 
of the NE592 device was bandwidth. In a 
monolithic device, this precludes the use of 
PNP transistors and standard level-shifting 
techniques used in lower frequency devices. 
Thus, without the aid of level shifting, the 
output common-mode voltage present on the 
NE592 is typically 2.9V. Most applications, 
therefore, require capacitive coupling to the 
load. An exception to the rule is a differential 
amplifier with an input common-mode range 
greater than +2.9V as shown in Figure 2. In 
this circuit, the NE592 drives a NE511B 
transistor array connected as a differential 
cascode amplifier. This amplifier is capable of 
differential output voltages of 48Vp_p with a 
3dB bandwidth of approximately 10MHz (de- 
pending on the capacitive load). For optimum 
operation, R1 is set for a no-signal level of 
+18V. The emitter resistors, Re, were select- 
ed to give the cascode amplifier a differential 
gain of 10. The gain of the composite amplifi- 
er is adjusted at the gain selected point of the 
NE592. 
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a 
0,100,400 10,100,400 


Filters 
As mentioned earlier, the emitter circuit of the 
NE592 includes two current sources. 


Since the stage gain is calculated by dividing 
the collector load impedance by the emitter 
impedance, the high impedance contributed 
by the current sources causes the stage gain 
to be zero with all gain select pins open. As 
shown by the gain vs. frequency graph of 
Figure 3, the overall gain at low frequencies is 
a negative 48dB. 


Higher frequencies cause higher gain due to 
distributed parasitic capacitive reactance. 
This reactance in the first stage emitter circuit 
causes increasing stage gain until at 10MHz 
the gain is OdB, or unity. 


Referring to Figure 4, the impedance seen 
looking across the emitter structure includes 
small re of each transistor. 


Any calculations of impedance networks 
across the emitters then must include this 
quantity. The collector current level is approx- 
imately 2mA, causing the quantity of 2 r. to 
be approximately 322. Overall device gain is 
thus given by 


Vo(s) 
Vin(S) 


_ 1.4 x 104 (2) 
Z(s) + 32 

where Zs) can be resistance or a reactive 
impedance. Table 2 summarizes the possible 
configurations to produce low, high, and 
bandpass filters. The emitter impedance is 
made to vary as a function of frequency by 
using capacitors or inductors to alter the 
frequency response. Included also in Table 2 
is the gain calculation to determine the volt- 
age gain as a function of frequency. 
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LD05910S 


NOTE: 
All resistor values are in ohms. 


Figure 1. 592 Input Structure 


VOLTAGE GAIN - dB 


FREQUENCY (MHz) 


Figure 3. Voltage Gain as a Function 
of Frequency (All Gain Select 
Pins Open) 


Differentiation 

With the addition of a capacitor across the 
gain select terminals, the NE592 becomes a 
differentiator. The primary advantage of using 
the emitter circuit to accomplish differentia- 
tion is the retention of the high common 
mode noise rejection. Disc file playback sys- 
tems rely heavily upon this common-mode 
rejection for proper operation. Figure 5 shows 
a differential amplifier configuration with 
transfer function. 


Disc File Decoding 
In recovering data from disc or drum files, 
several steps must be taken to precondition 


February 1987 


NOTE: 
All resistor values are in ohms. 


Application Note 


AN144 


TC10050S 


Figure 2. Video Amplifier With High Level Differential Output 


Table 2. Filter Networks 


FILTER Vo(s) TRANSFER 
Z NETWORK TYPE V(s) FUNCTION 


R L 
AF03770S 
a: ane | es 
AF03780S 
L Cc 
L 
Cc 


R 
R 


AF03750S 


LOW 
PASS 
Lid 14x10*] 5s 
PASS pom [facies 
R s+1/RC 

BAND | 4.4 x 104 s 
PASS Or een See 

L s“ + R/Ls + 1/LC 


BAND 114x10* | sf 414c 
REJECT | —————. | ——_——__ 
R —_|[s*+1/LC +s/RC 


ote 


1.4 x 104 1 
L. s+R/L 


NOTE: In the networks above, the R value used is assumed to include 2 re, or approximately 322. 


the linear data. The NE592 video amplifier, 
coupled with the 8T20 bidirectional one-shot, 
provides all the signal conditioning necessary 
for phase-encoded data. 


When data is recorded on a disc, drum or 
tape system, the readback will be a Gaussian 
shaped pulse with the peak of the pulse 
corresponding to the actual recorded transi- 
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tion point. This readback signal is usually 
500uVp.p to 3mVp.p for oxide coated disc 
files and 1 to 20mVp.p for nickel-cobalt disc 
files. In order to accurately reproduce the 
data stream originally written on the disc 
memory, the time of peak point of the Gauss- 
ian readback signal must be determined. 
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AN144 


Vo(s) 1.4 x 104 
Vi(s) ~ Z(s) + 2re 
1.4 x 104 

. Z(s) + 32 


Figure 4. Basic Gain Configuration 
for NE592, N14 


The classical approach to peak time determi- 
nation is to differentiate the input signal. 
Differentiation results in a voltage proportion- 
al to the slope of the input signal. The zero- 
crossing point of the differentiator, therefore, 
will occur when the input signal is at a peak. 
Using a zero-crossing detector and one-shot, 
therefore, results in pulses occurring at the 
input peak points. 


A circuit which provides the preconditioning 
described above is shown in Figure 6. Read- 


X100 AC 
PRE-AMPLIFIER 


NOTE: 
All resistor values are in ohms 


LINEAR PHASE 
LOW PASS FILTER 


TC10070S 


NOTES: 
For frequency Fy < < 1/22(32)C 


dyji 
Vo=1.4 X 104°C — 
dT 
All resistor values are in ohms. 


Figure 5. Differential With High 
Common-Mode Noise Rejection 


back data is applied directly to the input of the 
first NE592. This amplifier functions as a 
wide-band AC-coupled amplifier with a gain of 
100. The NE592 is excellent for this use 
because of its high phase linearity, high gain 
and ability to directly couple the unit with the 
readback head. By direct coupling of read- 
back head to amplifier, no matched terminat- 
ing resistors are required and the excellent 
common-mode rejection ratio of the amplifier 
is preserved. DC components are also reject- 


OIFFERENTIATOR 


ed because the NE592 has no gain at DC due 
to the capacitance across the gain select 
terminals. 


The output of the first stage amplifier is 
routed to a linear phase shift low-pass filter. 
The filter is a single-stage constant K filter, 
with a characteristic impedance of 20022. 
Calculations for the filter are as follows: 


L = Fu, 


where 
R = characteristic impedance (2) 


where 
We = cut-off frequency (radians/sec) 


The second NE592 is utilized as a low noise 
differentiator/amplifier stage. The NE592 is 
excellent in this application because it allows 
differentiation with excellent common-mode 
noise rejection. 


The output of the differentiator/amplifier is 
connected to the 8T20 bidirectional monosta- 
ble unit to provide the proper pulses at the 
zero-crossing points of the differentiator. 


The circuit in Figure 6 was tested with an 
input signal approximating that of a readback 
signal. The results are shown in Figure 8. 


O 
OIGITAL 
OUTPUTS 
O 


BIDIRECTIONAL 
ONE-SHOT 


Figure 6. 5MHz Phase-Encoded Data Read Circuitry 
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NOTE: 
All resistor values are in ohms 


Automatic Gain Control 

The NE592 can also be connected in con- 
junction with a MC1496 balanced modulator 
to form an excellent automatic gain control 
system. 


The signal is fed to the signal input of the 
MC1496 and RC-coupled to the NE592. Un- 
balancing the carrier input of the MC1496 
causes the signal to pass through unattenuat- 
ed. Rectifying and filtering one of the NE592 
outputs produces a DC signal which is pro- 
portional to the AC signal amplitude. After 
filtering; this control signal is applied to the 
MC1496 causing its gain to change. 
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-6V 
TC10090S 


Figure 7. Wide-band AGC Amplifier 
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PRE-AMPLIFIER OUTPUT 
100 mV/DIV. 


DIFFERENTIATOR 


ALAA TY AAA 
hilivariilivm 200 mV 00. 
ye rr Vee 


TIME BASE 200ns/DIV. 


AA | NT PRE-AMP AND DIFFERENTIATOR 
CW {VAM Wonk 
SCOTT NCEE 


200 mV/ DIV. 


rival - nee DIFFERENTIATOR 
VV Me 
8720 Q OUTPUT 


TIME BASE 200ns/ DIV. 


Figure 8. Test Results of Disc File Decoder Circuit 


February 1987 11-122 


Application Note 


AN144 


Signetics UA733/733C 


Differential Video Amplifier 


Product Specification 


Linear Products 


DESCRIPTION FEATURES PIN CONFIGURATION 


The 733 is a monolithic differential input, ¢ 120MHz bandwidth 

differential output, wide-band video am- e 250k input resistance 

plifier. It offers fixed gains of 10,100, or «¢ Selectable gains of 10, 100, and 
400 without external components, and 400 ei 
adjustable gains from 10 to 400 by the 
use of an external resistor. No external 


F, N Packages 


e No frequency compensation 


frequency compensation components required  Sevect 

are required for any gain option. Gain © MIL-STD-883A, B, C available eet 

stability, wide bandwidth, and low phase 

distortion are obtained through use of APPLICATIONS 

the classic series-shunt feedback from © Video amplifier cinpense a rs] outeur 1 
the emitter-follower outputs to the inputs e Pulse amplifier in 


of the second stage. The emitter-follow- communications TOP VIEW 

er outputs provide low output imped- 6 Magnetic memories cDo9960s 
ance, and enable the device to drive 
capacitive loads. The 733 is intended for 
use as a high-performance video and 
pulse amplifier in communications, mag- 
netic memories, display and video re- 
corder systems. 


ORDERING INFORMATION 


CIRCUIT SCHEMATIC 


e Video recorder systems 


TCO8980S 
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Differential Video Amplifier wA733/733C 


ABSOLUTE MAXIMUM RATINGS 


ouputcwen 


Storage temperature range -65 to +150 


Operating ambient temperature range 
0 to +70 
-55 to +125 


Maximum power dissipation! 

25°C ambient temperature (still-air) 
F package 
N package 


NOTE: 

1. The following derating factors should be applied above 25°C: 
F package at 9.5mW/°C 
N package at 11.4mW/°C. 


DC ELECTRICAL CHARACTERISTICS T,= + 25°C, Vs =+6V, Von =0, unless otherwise specified. Recommended 
operating supply voltages Vs = +6.0V. 


A730 
SYMBOL PARAMETER TEST CONDITIONS 


Differential voltage gain R; = 2k22, Vout = 3Vp.p 
Gain 12 
Gain 2? 
Gain 3° 


Bandwidth 
Gain 1! 
Gain 22 
Gain 3° 


Rise time 
Gain 1! 
Gain 22 
Gain 3° 


oi 
fo) 
o 


_ 
oO 


Propagation delay 
Gain 1! 
Gain 22 
Gain 3° 


Input resistance 
Gain 12 
Gain 22 
Gain 3° 


| mput capacitance? | Gain 2 | 20 | 2 
los | Input offset current || | 8 | 
9.0 
p12 


= 
oO 


a 
TWwose | hrput noise votage «dsm tie w vote | |e || 
CVn | tout vonage range id SSSSC*s YC 


Common-mode rejection ratio 
Gain 2 Vom = +1V, f <100kHz 
Gain 2 Vom = +1V, f = 5MHz 


SVRR Supply voltage rejection ratio AVs = +0.5V 
Gain 2 
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Differential Video Amplifier | YA733/733C 


DC ELECTRICAL CHARACTERISTICS (Continued) Ta = + 25°C, Vs =+6V, Vow =0, unless otherwise specified. 
pA733C ywA733 


Recommended operating supply voltages Vs = +6.0V. 
SYMBOL PARAMETER UNIT 
smo, | ramen | Min | Typ | Max | Min | Typ | Max | 
Output offset voltage RL =e 
Gain 1' 1.5 V 
Gain 2 and 3° ° a oa 


| Vem Output common-mode voltage a; ee = a; ee | 29 | 34 | 24 | 29 | 


eee ee 
differential 

| isin | Output sink current sink current 
eat Tam Ml A ee 
ico | Power supp curent «| = «| «de | mw | [3 fe] ma 


THE FOLLOWING SPECIFICATIONS APPLY OVER TEMPERATURE | O°C<TaA<70°C | < | O°C<TaA<70°C | < 70°C | 55°C < Ta < 125°C | < | 55°C < Ta < 125°C | < 125°C}; 


Differential voltage gain R; = 2kQ, Vout = 3Vp-p 
Gain 1! 250 600 | 200 600 V/V 
Gain 22 . i” “4 V/V 
Gain® V/V 
Input resistance 
Gain 22 


Flog Input offset current 
input bias current — eo 
| Mites 5 Input voltage range | #40 | eto] | eT Peto] 3 


CMRR Common-mode rejection ratio Pr =+V, F <100kHz 
Gain 2 
SVRR Supply voltage rejection ratio AVs = +0.5V 
Gain 2 
oo 


Output oee voltage 
Gain 1" 


TEST CONDITIONS 


Gain 2 and 3% ° 


aiferental ae ee a An 
eee 1 1 


| Output sink current = sink current 


Poca =m RRS 


NOTES: 

1. Gain select pins Gia and Gig connected together. 
2. Gain select pins Goa and Gog connected together. 
3. All gain select pins open. 
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TYPICAL PERFORMANCE CHARACTERISTICS 


Phase Shift as a Phase Shift as a Voltage Gain as a 
7 of Frequency Function of Frequency Function of Frequency 


SNES 
STONE 


PHASE SHIFT—DEGREES 
PHASE SHIFT—DEGREES 
SINGLE ENDED VOLTAGE GAIN—dB 


5 7 5 50 100 5 10 50 100 


Common Mode Rejection Output Voltage Swing 
Ratio as a Function as a Function 
of Frequency of Frequency Pulse Response 
1.6 


7.0 
IN 2 v 
Se HE ven at TTT TU TTT | Ysa 
| Baill cna 


CoN ET 
STITT PR ‘7 Ry = 1k2 


OUTPUT VOLTAGE SWING—Vpp) 
OUTPUT VOLTAGE—V 


2 
-] 

| 
° 
= 
< 
x 
z 
re) 
= 
3) 
w 
= 
w 
« 
w 
Qo 
Oo 
= 
z 
Oo 
P 3 
b 3 
Oo 
O 


ae co es eel el eS ee 
5 i sa 
oe Oe sa 
EET 
PERSE ET? 


-0.4 
-15-10 -5 0 5 10 15 
FREQUENCY—MHz TIME — ns 


Pulse Response Pulse Response 
Differential Overdrive as a Function as a Function 
Recovery Time of Supply Voltage Of Temperature 

1.6 1.6 


OVERDRIVE RECOVERY TIME—ns 
OUTPUT VOLTAGE—V 


"-15-10 -5 0 5 10 15 2 25 30 35 


20 40 60 80 
DIFFERENTIAL INPUT VOLTAGE—mv TIME—ns 


OPo5680S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Voltage Gain Gain vs Frequency 
as a Function Gain vs Frequency as a Function 
of Temperature of Temperature of Temperature 


SINGLE ENDED VOLTAGE GAIN—dB 
RELATIVE VOLTAGE GAIN 


SUPPLY VOLTAGE — +V 


Gain vs Frequency Voltage Gain 
as a Function Voltage Gain as a Function 
of Supply Voltage Adjust Circuit of RADJ (Figure 3) 


ia 0 
==e a 


| 
< 
1] 
w 
< 
“ 
° 
> 
8 
2 
rr 
w 
pr 
<) 
r 4 
6 


DIFFERENTIAL VOLTAGE GAIN 


(Pin numbers apply to K Package) 


OP05750S OP05760S 


Supply Current Supply Current Output Voltage and Current 
as a Function as a Function Swing as a Function of 
of Temperature of Supply Voltage Supply Voltage 


SUPPLY CURRENT—mA 
SUPPLY CURRENT—mA 
OUTPUT VOLTAGE SWING—V OR 
OUTPUT SINK CURRENT—mA 


ei} ty tT TT 
5 6 7 5.0 6.0 


4 A 
TEMPERATURE—° C SUPPLY VOLTAGE— tv SUPPLY VOLTAGE— *Vv 


OP05790S 
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TYPICAL PERFORMANCE CHARACTERISTICS (Continued) 


Output Voltage Swing Input Resistance Input Noise Voltage 
as a Function as a Function as a Function 
of Load Resistance of Temperature of Source Resistance 


100 
ven 2 
= t6V 


~ 
o 


COI) = (OC 
CUT TT He 
CTU EAT TT 
% 
E 
| 


6 8 §& 


ry 
) 


ET ALT TT 
ATT TT Ao 
Hitz Ti uy LLTITTT TI Tt) PIECE ttn 


sounce acmniiee- 


INPUT NOISE VOLTAGE—» s 


OUTPUT VOLTAGE SWING—V p55 


ss 
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r=} 
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DESCRIPTION FEATURES PIN CONFIGURATION 
The SAA9001 is a 1-bit wide, 317,520-bit © 317k bits (294 < 1080) 
long, charge-coupled shift register, orga- e 21.3MHz toggle frequency 
nized in 294 blocks of 1080 bits each. It . TTL-compatible 

is intended for use in a TV field memory e 28-pin DIP k 

at a maximum frequency of 21.3MHz. ca Eeege 


Control is performed by two external APPLICATIONS 
signals, memory clock (MC), and memo- ®@ TV field memory 
ry gating (MG). The circuit has two data e Digitizing images 
inputs (MI, and Mlo) and the data may 

be internally recirculated. An adjustable 

delay of 0 to 7 bits is incorporated at the 

output to increment the total delay on a 

bit-by-bit basis, as programmed by the 

inputs AO, Ai, and A2. All inputs, out- 

puts, and controls are TTL-compatible. 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
28-Pin Plastic DIP (SOT-117) 0 to +60°C SAA9001N 

1 Ves Back-bias supply voltage (to be 

connected to Pin 4) 


aaT MAXIMUM RATINGS 4 Vep Back-bias supply voltage (to be 


connected to Pin 1) 
| SYMBOL | | «PARAMETER sd RATING UNIT 


5 TEST Control input for testing 
Vv a on any pin, except Vgp (Pin 4) 
bv and MO (Pin 21), with respect to ae 


TOP VIEW 


CD12780S 
PIN NO. SYMBOL DESCRIPTION 


purposes only. It is internally 
connected to Vss via a 1kQ 
(approx.) resistor and needs no 
external connection 


6 MG Memory gating input 
Back-bias | Backbias voltage sid oe 7 A2 Control input for additional 
internal delay 
8 Vpp Positive supply voltage 
a DC output current (sink or source) es ae 10 AN Conte inp or adtiona 
‘ ; internal delay 
Ta Operating ambient temperature range 0 to 60 °C 11 AO Control input for additional 
(under DC operating conditions) internal delay 
18 Mlo Memory input 2 
Tsta Storage temperature range -65 to +150 19 MRN Memory recirculate control. 
Recirculation is activated when 
MRN is Low 


Total power dissipation per package 


20 MC Memory clock input 

21 MO Memory output 

22 Vss Negative supply voltage 
(ground) 

24 MIS Memory input select; selects 
Ml, or Mlo 

25 Ml, Memory input 1 
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BLOCK DIAGRAM 


GATING CLOCK ADDRESS 
0TO7 
VARIABLE 


DELAY 


CAPACITANCE 


SYMBOL PARAMETER 
ae Data inputs Ml;, Mlz (Pins 25 and 18) 


Clock input MC (Pin 20) 


Tes se ewe ee 


[bata ouput wO-Pn2)——SSSS~dCi SC 
ee 
es | Int select contos mis Pn 2 ——SSS~d Cid; 
cx [Daly progr puts A0, A A2 ns 11,10 ans | 0 | oF | 
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347k Bit CCD Memory SAA9001 


DC OPERATING CONDITIONS 


LIMITS 


—_ ues voltage range 
Input voltage High ee ee 


DC ELECTRICAL CHARACTERISTICS T, =0 to + 60°C; Vpp = 4.75 to 5.25V; Vag =-3.5 + 0.15V; output not loaded, 


unless otherwise specified. 


LIMITS 


ae - rs 
pm et 


pu | ee erage magelli at ee = “ene to Ma 


AC TEST CONDITIONS 


PARAMETER LIMIT UNIT 
0.6 and 2.4 


<3 
>3 


Input pulse levels 


Rise and fall times between 0.8 and 2.0V (tr, tr) 
clock input MC 
data inputs Ml;, Mls; gating input MG; 
control inputs AO, A1, A2, MIS, MRN 


Timing reference levels 


clock input MC 1.5 
data inputs Ml;, Ml; gating input MG 0.8 or 2.0 
data output MO 0.8 or 2.0 
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AC ELECTRICAL CHARACTERISTICS Ty, =0 to +60°C; Vpp = 4.75 to 5.25V; Veg =-3.5+ 0.15V. 


LIMITS 


SYMBOL PARAMETER win | typ | Max UNIT 
a 
ig | Goo tow ne 
a 
Sa 

TT reo 
a 
a a A A NS EL 


Address valid after address change? 7 clock 
ic ae +1 


| tMANSU Recirculation | Recirculation setup times time* 


t Input select setup time? 1 tt 
anes P . pulse + 1 


NOTES: 

1. The maximum recirculation time must never be exceeded by any combination of low frequency gating and/or waiting time. 

2. Every 1300us, at least three blocks of 1080 bits must be transferred to the output. This means that immediately after a wait of 1100s, three blocks 
must be shifted out. 

3. A change in delay will cause invalid data at the output for the time tap. 

4. After a change of MRN, the signal recirculation path is not switched before tyransu. 

5. After a change of MIS, data at the input is invalid for tyissu.- 
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FUNCTIONAL DESCRIPTION 


Operation 

The memory array is organized to handle data 
in blocks of 1080 bits and has a capacity of 
294 data blocks. The structure of the memory 
array provides fast, serial data input and 
output, with parallel transfer of data blocks 
through the memory. Memory input and out- 
put are controlled by the memory gating 
(MG); the serial output is initiated by the rising 
edge of MG, and the storage of the data 
present in the memory's input register is 
performed on the falling edge of MG. In 
normal operation, one cycle of MG is an 
uninterrupted High level of at least 1080 clock 
periods (-4 or +3 clock periods) followed by 
a Low level of at least 32 clock periods. Input, 
output, and gating signals are all referred to 
the rising edge of the memory clock (MC). 


The internal recirculation facility is activated 
when the control input MRN is Low. 


Memory output 

Output is enabled when MG is High and data 
is clocked serially from the memory. Referring 
to Figure 1, the first rising clock edge after the 


positive transition of MG is defined as clock 
pulse "0". If the delay control address is 
A2 = Ai =A0=0, then the first bit of the 
output is valid at clock pulse ''17"' (the delay 
of 17 clock periods is due to internal multi- 
plexing of the data in the memory). 


The output delay can be increased by the 
values shown in Table 1 using the internal 
delay line controlled by AO, Ai, and A2. 


Table 1. Additional Delay 
Control 


DELAY 
ADDRESS 


ADDITIONAL DELAY 
(CLOCK PERIODS) 


—“--=-0O00+=00 
-oOoO+-'0O+-0+- 0 
NOOR OD — © 


Product Specification 


SAA9001 


Data input 

Data to be stored is directed to the memory 
from either Ml, or Mlo as selected by the 
control input MIS (see Table 2). The MI, input 
is delayed by one clock period. 


Table 2. Input Selection 


CONTROL INPUT | MEMORY INPUT 


MIS = 0 
MIS = 1 


Input data is clocked serially into the input 
register of the CCD memory. When the nega- 
tive transition of MG occurs, the 1080 bits of 
data present in the input register are entered 
into the memory array. If the interval of 
MG = High is not an exact multiple of eight 
clock periods, the timing of the negative 
transition of MG is internally rounded to be an 
exact multiple of eight clock periods. Note 
that the data path from input MI, has a delay 
of one clock period and the path from Mlo is 
direct. 


GATING MG \ 


CLOCK MC 


MEMORY 
INPUT 


RY 


MEMORY ee XK KKK KKK VY VK KKK 
outeur MO CE REN, 


LOWcOcNcac aces eecerd 
RY 


A A AY 


FIRST OF 
1080 BITS 


WF20250S 


Figure 1. Memory Input and Output Data Timings With Respect to the Memory Clock (MC) for a Memory Gating (MG) High 
Period that is a Multiple of 8 Clock Periods (no Internal Rounding of Gating Period) 
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The length of the MG = High interval required 
for internal and external recirculation of data 
is determined as shown in Figure 2. The 
positive transition of MG (waveform 1) initi- 
ates the serial transfer of data from the output 
register. Due to multiplexing in the memory, 
valid data is available after 16 clock periods 
(waveform 2). After a delay of ''A'"' clock 
periods, determined by AO, A1, and A2 (wave- 
form 3), and a one-clock period delay via a D- 
type flip-flop, the valid data is available at the 
output pin MO (waveform 4). 


Incoming data can be delayed by two 
amounts: RP (waveform 5), a phase shift 
introduced when the data is recirculated 
through an external processing circuit, and ID 
(waveform 6), a one-clock period delay when 
input MI, is selected. The negative transition 
of MG, internally rounded to a multiple of 
eight clock periods (waveform 7), initiates 
storage of the last 1080 bits presented at the 
memory input (waveform 6). Therefore, the 
MG = High interval is 16+A+1+RP+ 
ID + 1080 clock periods, and this figure is 


rounded to a multiple of eight. From this, 
(A+1+RP+I1D) modulo 8=0. 


During internal recirculation o* the data 
(MRN = Low), the three D-type flip-flops in 
the recirculation path give RP a value of three 
clock periods and ID will be zero. Conse- 
quently, the variable delay should be pro- 
grammed for a delay of A = 4 for proper data 
retention, i.e., (4+1+3+0) modulo 8=0. 


In conclusion, to store 1080 bits of valid data 
and to retrieve at the output 1080 valid data 
bits, the MG = High interval must be at least 
1076 clock periods followed by an MG = Low 
interval of at least 32 clock periods. The 
MG = Low interval can be reduced to a mini- 
mum of 24 clock periods when MG = High is 
a multiple of eight clock periods. 


Fast Gating 

Fast gating is a method of accelerating the 
internal transfer of data through the memory 
at the expense of valid data, and is therefore 
useful for skipping unwanted data blocks. The 
MG = High interval for fast gating is less than 
1076 clock periods to a minimum of 360 clock 


periods. If the MG = High interval is a multiple 
of eight clock periods during fast gating, the 
MG = Low interval can be reduced to 24 
clock periods (min.); otherwise, the 
MG = Low interval must be at least 32 clock 
periods. The output data is not valid during 
fast gating and during the first two data 
blocks at the output after fast gating has 
ceased. No valid data is clocked into the input 
register of the CCD memory during fast gat- 
ing. 

Slow Gating 

The transfer of data can be decelerated by 
using slow gating. For this, the MG = High or 
MG = Low interval is extended to the maxi- 
mum waiting time (tgy). 


HANDLING 
Inputs and outputs are protected against 
electrostatic charge in normal handling. How- 
ever, to be totally safe, it is desirable to take 
normal precautions appropriate to handling 
MOS devices. 


GATE RISING EDGE | 


CCD MEMORY ARRAY 
OUTPUT REGISTER 


OUTPUT FROM 
VARIABLE DELAY 


VALID DATA 
OUTPUT (MO) 


DATA INPUT 
(Mi, OR Mi.) 


CCD MEMORY ARRAY 
INPUT REGISTER 


GATE FALLING EDGE 
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MULTIPLE OF 8 


Figure 2. Determination of Memory Gating High Period 
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CCD MEMORY 


ARRAY 7 


PROCESSING CIRCUIT 


TC20750S 


Figure 4. Output Load 


INPUT 
MI, OR MI, 


OUTPUT (X OKXKKX KK XY 
MO KKK 


WF20270S 


Figure 5. Timing Waveforms for Gating and 1/O 
DELAY ADDRESS 
AO, A1, A2 


our OOO 


¥0.9.9,9,0.0.0.0.0.9.9.4.9.9,9.9.0.0.0,9 


Figure 6. Timing Waveforms for Address Setup and Hold 
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Section 12 
Vertical Deflection 


INDEX 
TDA2653A Wertiod! DSNGCUONT vascive:sesrcasccesacserss vn iarvaninsonuneneiad sateedciecteden 
TDA3651A/ 
3653 WEPHGAl TIBTIOCUON ise csic voc cxsins nae va cna sane con ans vos ee dnn ea sire ee eranabaesee me 
TDA3652 WOPNCR!l DISTIOBUON wsincicnctnasatmreeacaxcmd we tancadsincnd dade bedsatestaoressese 


TDA3654 Vertical Deflection Output Circuit ............... cc ccc cece cece eee eeeeeeees 
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DESCRIPTION 

The TDA2653A is a monolithic integrat- 
ed circuit for vertical deflection in video 
monitors and large screen color televi- 
sion receivers, e.g. 30AX and PIL-S4 
systems. 


ORDERING INFORMATION 


November 14, 1986 


TEMPERATURE 
DESCRIPTION RANGE 


13-Pin Plastic SIP power package (SOT-141B) -20°C to +85°C TDA2653AU 


TDA2653A 


Vertical Deflection 


Product Specification 


FEATURES 


e Oscillator; switch capability for 
50Hz/60Hz operation 


e Synchronization circuit 


e Blanking pulse generator with 
guard circuit 

e Sawtooth generator with buffer 
stage 

e Preamplifier with fed-out inputs 


e Output stage with thermal and 
short-circuit protection 


e Flyback generator 
e Voltage stabilizer 


APPLICATIONS 
e Video monitor 
@ Television receiver 


ORDER CODE 


12-3 


PIN CONFIGURATION 
U Package 


12} SYNC IN/BLANKING OUT 


POSITIVE SUPPLY OF 
OUTPUT STAGE 


[5] POSITIVE SUPPLY Vo, 


Fi 50 Hz/60Hz 
SWITCHING VOLTAGE 
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BLOCK DIAGRAM 


BLANKING 

— i <a St 

OUTPUT STAGE/ 
THERMAL & FLYBACK VOLTAGE SAWTOOTH 
SHORT-CIRCUIT GENERATOR STABILIZER GENERATOR 

CTE 

aE Pe 
a 


1 


oj FREQUENCY 


SYNC PULSE BLANKING PULSE 
INPUT OUTPUT 


j H = AMPLITUDE 


BDO07690S 


NOTE: 
1. Condition for Pin 12: LOW voltage level = 50Hz; HIGH voltage level = 60Hz. 
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| PIN NO. | DESCRIPTION 


Oscillator 

The oscillator frequency is determined by a potentiometer at Pin 1 and a capacitor at Pin 13. 

Sync input/blanking output 

Combination of sync input and blanking output. The oscillator has to be synchronized by a positive-going pulse between 
1V and 12V. The integrated frequency detector delivers a switching level at Pin 12. 

The blanking pulse amplitude is 20V with a load of 1mA. 

Sawtooth generator output 

The sawtooth signal is fed via a buffer stage to Pin 3. It delivers the signal which is used for linearity control, and 
drive of the preamplifier. The sawtooth is applied via a shaping network to Pin 11 (linearity) and via a resistor to Pin 4 
(preamplifier). 

Preamplifier input 

The DC voltage is proportional to the output voltage (DC feedback). The AC voltage is proportional to the sum of the 
buffered sawtooth voltage at Pin 3 and the voltage, with opposite polarity, at the feedback resistor (AC feedback). 
Positive supply of output stage 

This supply is obtained from the flyback generator. An electrolytic capacitor between Pins 7 and 5, and a diode 
between Pins 5 and 9 have to be connected for proper operation of the flyback generator. 

Output of class-B power stage 

The vertical deflection coil is connected to this pin, via a series connection of a coupling capacitor and a feedback 
resistor, to ground. 

Flyback generator output 

An electrolytic capacitor has to be connected between Pins 7 and 5 to complete the flyback generator. 

Negative supply (ground) 

Negative supply of output stage and small signal part. 

Positive supply 

The supply voltage at this pin is used to supply the flyback generator, voltage stabilizer, blanking pulse generator and 
buffer stage. 

Reference voltage of preamplifier 

External adjustment and decoupling of reference voltage of the preamplifier. 

Sawtooth capacitor 

This sawtooth capacitor has been split to realize linearity control. 

50Hz/60Hz switching level 

This pin delivers a LOW voltage level for 50Hz and a HIGH voltage level for 60Hz. The amplitudes of the sawtooth 
signals can be made equal for 50Hz and 60Hz with these levels. 


ABSOLUTE MAXIMUM RATINGS 
CANES 
o°Cc/W 


0 
> N\ 
SN 


Pin 3 


4 | Ve=Voc | Supply voltage (Pind) = = || = 40 || V 
Na | Vs ___| Supply voltage output stage (Pin 5) | = 58 =| CV 
aN 


Voltages 
Ta (°C) 


NOTE: 
Oya includes OygH which is expected when heatsink 
compound is used. 6jyg < 5°C/W. 


Figure 1. Total Power Dissipation 
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Pin 13 
Pins 4 and 10 
Pin 6 


Pins 7 and 11 


0 


Storage temperature range -25 to +150 


Cc 
Operating ambient temperature range =20 — 


NOTES: 
1. Pins 5, 6 and 8: internally limited by the short-circuit protection circuit. 
2. Total power dissipation: internally limited by the thermal protection circuit. 
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DC ELECTRICAL CHARACTERISTICS T’= 25°C, unless otherwise specified. 


| LIMITS 
SYMBOL PARAMETER 


ee 
Twe=vos | Swe votes —SSCSC=“‘“s*SC“‘*‘“~*é~sSCSSC*dSC“(‘#S$S$SY| Noo |S 


Output voltage 
- at -Ig=1.1A V5-2.2 en 9 V 
at Ig =1.1A V 


Feedback 


Synchronization 


ve ‘| Smonptpise ——SOSC~=“*“*~“*~*S*S*S*~srCNSC‘“dSS“C(##SY® sD 
Se 
RTE Serra 


Oscillator/sawtooth generator 


PVM | Oscillator frequency control input voltage 


Vg Sawtooth generator output voltage 
V44 vs 


Sawtooth generator output current 


+30 
Oscillator temperature dependency 4 ‘ 
(Af/f)/ATcase Toase = 20 to 100°C 10 Cc 
Oscillator voltage dependency 4 1 


Blanking pulse generator 


Biankng pus generator —SSOSCSC~“~*~*~“‘~*S*SC“~Ss~“s~“~*~s~‘“‘“s<“<CSCSt 
Tve | Ont volage Vora enima——OC~=“‘*‘~*dSOSC“‘COW’S*@ESO#C~*‘<st;#=SV 
RSA (RRO RRS BORE Pt 8 
The _—| Output vesstnce SSS 


te Blanking pulse duration at 50Hz sync Th + oe i 


50Hz/60Hz switch capability 
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FREQUENCY 


TC14220S 
NOTES: 


1. Condition for Pin 12: LOW voltage level = 50Hz; HIGH voltage level = 60Hz. 
2. The values given in parentheses and the dotted components are valid for the PIL-S4 system. 


Figure 2. Typical Vertical Deflection Circuit for 30AX System (26V) 
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FREQUENCY 


1N4148 
(2x) 


ex) &) @ 


ae 


SYNC BLANKING 


e 
+Voc2 = 12V 


NOTES: 
1. Condition for Pin 12: LOW voltage level = 50Hz; HIGH voltage level = 60Hz. 
2. Voci = 26V, Voce = 12V in Quasi-bridge Connection. 


Figure 3. Typical Vertical Deflection Circuit for 30AX System 


Data Measured in Figures 2 and 3 


30AX 30AX 
SYSTEM SYSTEM 

(26V) (26 V/12V) 
(Figure 2) (Figure 3) 


PIL-S4 
SYSTEM 
(Figure 2) 


System supply voltages 


System supply currents 


Output voltage 
Output voltage (peak value) 
Deflection current (peak-to-peak value) 


Flyback time 


Total power dissipation per package 


Oscillator frequency unsynchronized 


NOTE: 
1. Calculated with AVs = +5% and ARyoxe =-7%. 
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DESCRIPTION FEATURES PIN CONFIGURATIONS 
The TDAS3651A is a vertical deflection e¢ Driver 
sash ; ; TDA3653 
output circuit for drive of various deflec- Output stage A Package 
tion systems with deflector currents up ¢ Thermal protection and output 
to 2A peak-to-peak. stage protection 7] INPUT VOLTAGE 
e Flyback generator .2} GND 
@ Voltage stabilizer LS] INPUT VOLTAGE 
| 4) GND 
APPLICATIONS Fa ervar woutade 
e Video terminals 
| 6 | FLYBACK GENERATOR 
e Television 


GUARD CIRCUIT 
ORDERING INFORMATION 8] FLYBACK GENERATOR 


DESCRIPTION TEMPERATURE RANGE ORDER CODE Ln Nene 
9-Pin Plastic SIP (SOT-131B) 0 to +70°C TDA3651A 


TOP VIEW 


9-Pin Plastic SIP (SOT-157B) 0 to +70°C TDA3651AQ 
9-Pin Plastic SIP (SOT-110B) 0 to +70°C TDA3653A 


TDA3651 
A Package 


| 1] INPUT VOLTAGE 

[2] GND 

| 3] INPUT VOLTAGE 

'4] GND 

| 5} OUTPUT VOLTAGE 

| 6] FLYBACK GENERATOR 
VOLTAGE STABILIZER 
| 8] FLYBACK GENERATOR 
| 9] SUPPLY VOLTAGE 


TOP VIEW 
CD10350S 


TDA3651 
AQ Package 


(SIL BENT) 


614 INPUT VOLTAGE 

| 2 | GND 

P31 INPUT VOLTAGE 

| 4} GND 

y5] OUTPUT VOLTAGE 

| 6 | FLYBACK GENERATOR 
V74 VOLTAGE STABILIZER 
| 8 | FLYBACK GENERATOR 
y94 SUPPLY VOLTAGE 


TOP VIEW 


77 = BENT LEADS 
CD10290S 
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BLOCK DIAGRAM TDA3651A/AQ 


3 
ees 


FUNCTIONAL DESCRIPTION 


Output Stage and Protection 


Circuit 

Pin 5 is the output pin. The supply for the 
output stage is fed to Pin 6 and the output 
stage ground is connected to Pin 4. The 
output transistors of the Class-B output stage 
can each deliver 1A maximum. The ‘upper' 
power transistor is protected against short- 
circuit currents to ground, whereas during 
flyback, the ‘lower’ power transistor is pro- 
tected against too high voltages which may 
occur during adjustments. 


Moreover, the output transistors have been 
given extra solidity by means of special meas- 
ures in the internal circuit layout. 


A thermal protection circuit is incorporated to 
protect the IC against too high dissipation. 


November 14, 1986 


VOLTAGE FLYBACK ‘: 
STABILIZER TDA3651A GENERATOR 
& 
CURRENT 
SOURCE 


THERMAL 
PROTECTION 


OUTPUT OUTPUT 
STAGE STAGE 
PROTECTION 


This circuit is ‘'active' at 175°C and then 
reduces the deflection current to such a value 
that the dissipation cannot increase. 


Driver and Switching Circuit 

Pin 1 is the input for the driver of the output 
stage. The signal at Pin 1 is also applied to 
Pin 3 which is the input of a switching circuit. 
When the flyback starts, this switching circuit 
rapidly turns off the lower output stage and so 
limits the turn-off dissipation. It also allows a 
quick start of the flyback generator. Pin 3 is 
connected externally to Pin 1, in order to 
allow for different applications in which Pin 3 
is driven separate from Pin 1. 


Flyback Generator 

The capacitor at Pin 6 is charged to a 
maximum voltage, which is equal to the 
supply voltage Voc (Pin 9), during scan. 
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+ 


deflection 


When the flyback starts and the voltage at 
the output pin (Pin 5) exceeds the supply 
voltage (Pin 9), the flyback generator is acti- 
vated. The Vcc is connected in series (via Pin 
8) with the voltage across the capacitor. 


The voltage at the supply pin (Pin 6) of the 
output stage will then be maximum twice Vcc. 
Lower voltages can be chosen by changing 
the value of the external resistor at Pin 8. 


Voltage Stabilizer 

The internal voltage stabilizer provides a 
stabilized supply of 6V for drive of the output 
stage, so the drive current of the output stage 
is not affected by supply voltage variations. 
The stabilized voltage is available at Pin 7. 


A decoupling capacitor of 2.2uF can be 
connected to this pin. 
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Vertical Deflection TDA3651A/3653 


ABSOLUTE MAXIMUM RATINGS 


RATING 
— cine ee ee 


Voltage (Pins 4 and 2 externally connected to ground) 


Output voltage (Pin 5) 55 60 
Supply voltage (Pin 9) 50 40 
Supply voltage output stage (Pin 6) 55 60 
Input voltage (Pins 1 and 3) Voc 
External voltage (Pin 7) 5.6 


Repetitive peak output current (Pin 5) 
Non-repetitive peak output current (Pin 5) 
Repetitive peak flyback generator 
output current (Pin 8) 
Non-repetitive peak flyback generator 
output current (Pin 8) 


Storage temperature range -65 to +150 -65 to +150 
Operating ambient temperature range -25 to +65 -25 to +65 
Operating junction temperature range -25 to +150 -25 to +150 


NOTE: 
1. Non-repetitive duty factor maximum 3.3%. 


DC ELECTRICAL CHARACTERISTICS Ta = 25°C; Vcc = 26V; Pins 4 and 2 externally connected to ground, unless other- 


wise specified. 


aa ie mm e Fa a e a| — 


| Output current (peak-to-peak value) current (peak-to-peak value) 


a oe ae BO Oe oe 
Tie | vost senestor aut cones ——=S«YSSC*dt ow ors | | 08 | ors | a 
ouWlag — ee ee 


Output voltages 


_y Saturation voltage to supply at Vv 
= Gent -I5 = 1A (3651); 0.6A (3653) 
Vv Saturation voltage to ground at 17 V 
ome -I5 = 1A (3651); 0.6A (3653) 


Saturation voltage to supply at -l5 =0.75A 


Tv 
Vassar | Seratonvotoo 0 gourd in=o7en | [2 Der | Pan Pes Pv 
{aaa TE 


em Ne ute Re 
| Ve-« | Supply voltage output stage | | ts || 


pe Supply current (no load and no quiescent current) 
pe Quiescent Current (see Figure 1) 


|__| Variation of quiescent current with temperature || -0.04 | || -0.04 | | ma_| 
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Vertical Deflection TDA3651A/3653 


DC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C; Voc = 26V; Pins 4 and 2 externally connected to ground, 


unless otherwise specified. 


a een ee ee ee 
min | typ | Max | min | tye | Max 


Flyback generator 


Poa [ ain oe ares 7 en [ae [ao [fas [ae 9 
Pace | Rack wowed 
Tn | Lenka curent———SSSSSCS~SSC*d afoot 
Ti [input eure for 215= 1A Gens 15a 0659 | 176 | 200 | 090 | | | 1900 | ua 
vice | input votage autng scan —=SSSSSC*dt of | to | ar | [doe | 
Te | not curont ving scan ———SS~stio |i as | | (de | 
“vaca | Int vonage ang can ——SSS~s=CO |i (ce | 8 | | | 
“voce | Int vonage ang back ——=S~stCS*;SSC*d; wf] 
a ec 
a 


Unloaded voltage at Pin 7 during flyback 


Junction temperature of switching on the thermal 
Gee eee eae | 


| Ome Thermal resistance from junction to | Thermal resistance from junction to mounting base _| base | °C/W 


eg 
Th _| Frequeney response (-oss R= «YS wo] ide 


NOTE: 
1. The maximum supply voltage should be chosen such that during flyback the voltage at Pin 5 does not exceed 55V. 


; 


< 


de 


< 
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Vertical Deflection 


MrrrTrrrrrrelee LLL 


o CLEC TTT TT Pe 
0 50 100 150 
Ts (°C) 

OP07740S, 
OP07760S 
Figure 2. Power Derating Curves 
Figure 1. Quiescent Current I, as a 


Function of Supply Voltage Vcc 


APPLICATION INFORMATION The following application data are measured in a 


typical application as shown in Figures 3 and 4. 


Deflection current (including 6% overscan) 


peak-to-peak value I5p-p) typ. 0.87A 


typ. 2.0V 
V5 — 4sat < 2.5V 


November 14, 1986 12-13 


Product Specification 


TDA3651A/3653 


Signetics Linear Products Product Specification 


Vertical Deflection TDA3651A/3653 


TDA3651A 


BAX12A 
VERTICAL (4) 


DEFLECTION 
vertical drive COILS 
(from pin 1 TDA2578A) AT1236/20 


vertical (pin 3 
feedback TDA2578A) 
1500 uF 


(pin 2 
(16V) 


TDA2578A) | 


1.2 
amplitude 


TC21410S 


NOTE: 
Deflection coils AT1236/20: L = 29mH, R = 13.62; deflection current without overscan is 0.82 Ap.p and EHT voltage is 25kV. 


Figure 3. Typical Application Circuit Diagram of the TDA3651A (Vertical Output), 
When Used in Combination With the TDA2578A (See Figure 5) 
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Vertical Deflection TDA3651A/3653 


horizontal 
flyback sandcastle pulse 


horizontal / \ | 
+12V drive — 
C) 


>0.2mA J = 
<4.0mA 


TDA2578A 


O 
fo adj. vertical vertical 


(vertical) feedback drive 


+ from pin9 
TDA3651A 


TC21420S 


Figure 4. Typical Application Circuit Diagram; for Combination of the TDA2578A With the TDA3651A (See Figure 3) 


to pin 
18 
TDA2578A 


to pin 180 K 
140 +N 247 *K 
TDA2578A 


TC21430S 
TC21440S 


NOTES: 
1kQ resistor between Pin 18 and +12V: without mute function. 
220k22 between Pin 18 and ground: with mute function. 


Figure 5. Circuit Configuration at Pin 14 
for Phase Adjustment Figure 6. Circuit Configuration at Pin 18 for VCR Mode 
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DESCRIPTION FEATURES PIN CONFIGURATION 
The TDA3652 is an integrated power’ e Driver UP 
Paes ; ; : ackage 
output circuit for vertical deflection in  Qutput stage and protection 
systems with deflection currents up to circuits 7] INPUT 
SAp-p. e Flyback generator [2] GND 
e Voltage stabilizer reo? 
7] OUT STAGE 
APPLICATIONS @ND 
e Video monitors 2) ourPuT 
; [6] OUT STAGE 
e TV receivers 7 VOLTAGE 
STABILIZER 
ORDERING INFORMATION 3] FLYBACK GENERATOR 


3] Voc 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
9-Pin Plastic SIP (SOT-131B) -25°C to +65°C TDA3652U 


9-Pin Plastic SIP Bent to DIP ” ‘ 
(SOT-157B) -—25°C to +65°C TDA3652QU 
BLOCK DIAGRAM 
VOLTAGE za 


CD13120S 


STABILIZER GENERATOR 
& CURRENT 
SOURCE 


THERMAL 
PROTECTION 
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Vertical Deflection TDA3652 


ABSOLUTE MAXIMUM RATINGS 


Voltages (Pins 4 and 2 externally connected to ground) 
vs [Output votage Pn) TSCSSC*dSCV CS 
[Von«=Veel Supply wotage Pn) «dS; 
Ve-« | Supply wotage ouput stage m6) «| ss «dt 
Vs-2 | Swihing crcuit input votage Pins) «| 86 «|v 
Currents 


Repetitive peak output current (Pin 5) Pe tea 
Non-repetitive peak output current (Pin 5) FT 


Repetitive peak flyback generator output -1.5 
current (Pin 8) +1.6 
+ | Non-repetitive peak flyback generator output 
aa current (Pin 8) 


Temperatures 


Storage temperature range -65 to +150 
Operating ambient temperature range -25 to +65 
Operating junction temperature range -25 to +150 


NOTES: 

1. The maximum input voltage should not exceed the supply voltage (Vcc at Pin 9). In most 
applications Pin 1 is connected to Pin 3; the maximum input voltage should then not exceed 
5.6V. 

2. Non-repetitive duty factor maximum 3.3%. 
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Vertical Deflection TDA3652 


DC AND AC ELECTRICAL CHARACTERISTICS Voc = 26V; Ta = 25°C; Pins 4 and 2 externally connected to ground, 


unless otherwise specified. 


SYMBOL PARAMETER 


Supply voltage output stage (Pin 6) 


Quiescent current (see Figure 1) 


Variation of quiescent current with temperature 
Output current 


Cpe) | Output curent Pn 6) oakioneak vale) ——=~=~=~“‘dRSO*‘sg#«Saw®s~S«d@G™=C(SOSdSC 
=i __| Output cunenttyback generator ns) ——=SSCSC*~“—~‘sS*‘“‘*rCNS:*d*CON®COTSOC 
Ce | Ouput eurentfyback gonertor Pn) —SsS=~=“~‘“wRSS*~‘“(; OSC=C*dCtS SPO 
Output voitage 
sna | Peak votage auing Wack ——SSCSC~*~“‘*~*~*‘~*sCSCS*‘“‘SNSNC#“C#C”™SO#SSS’C‘dSNS SC 
Saturation voltage to supply at -l5 =1.5A (Seetetees levees... cae eet. ole 
Saturation voltage to ground at I; =1.5A es ere i ee ee ee 
Saturation voltage to supply at -l5=1A ee ee ee ee ee 
Vonasxr | Satwaton volaget-p=t@A——=SS=~=“*‘*“‘“RSOSC*C*‘*SONS’SdD= SV 
[Ve-asar | Satuaton volage atip= tsa SSCS~*~“*~“*~*~é‘~SC“‘“C 28s~=*dOT 
[Vonesar | Satuaton volage at-p-ttaSSSCS~<“—~*~—~‘—SC“‘(;S~C*dT tf 
[Ve-esar | Seuraton votage ate=tA—Ss=~=~=“‘~*srSC“‘ @@~=dSC®~=*d 
sno | Frback goneratoracive SSC~=“*~*“‘*~*SCSSC‘dRSC‘CS 

[teskage cument atin SSCSC~=“~*~*~“‘“‘~*~*~*~é~sSC“‘*C'BSC*” 


<|<= |<) < 


Frequency response (-3dB) at Ry, = 1kQ2 


NOTE: 
1. The maximum supply voltage should be chosen such that during flyback the voltage at Pin 5 does not exceed 55V. 
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Vertical Deflection 


e 


Figure 1. Quiescent Current (iq as a 
Function of Supply Voltage (Vcc) 


APPLICATION INFORMATION 
The function is described beside the corre- 
sponding pin number. 


1 Driver — This is the input for the driver of 
the output stage. 
2 Negative Supply (Ground) 


3 Switching Circuit — This pin is normally 
connected externally to Pin 1. It is also 
possible to use this pin to drive the switching 
circuit for different applications. This switch- 
ing circuit rapidly turns off the lower output 
stage at the end of scan and also allows for a 
quick start of the flyback generator. 

4 Output Stage Ground 


5, 6 Output Stage and Protection Circuits 
— Pin 5 is the output pin and Pin 6 is the 
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a SHANG 
ii. a4 NI 
TE PNA TT TL 


PTTL TE PRAT TTY 
een CRALN | 
pLLLI | Prete 


50 | 100 150 
65 


Ts (°C) 


Figure 2. Power Derating Curve 


output stage supply pin. The output stage is a 
class-B type with each transistor capable of 
delivering 1.5A maximum. The "'upper'’ out- 
put transistor is protected against short-circuit 
currents to ground. The base of the "lower" 
power transistor is connected to ground dur- 
ing flyback and so it is protected against too 
high flyback pulses which may occur during 
adjustments. In addition, the output transis- 
tors are protected by a special layout of the 
internal circuit. The circuit is protected ther- 
mally against excessive dissipation by a cir- 
cuit which operates at temperatures of 175°C 
and upwards, causing the output current to 
drop to a value such that the dissipation 
cannot increase. 


7 Voltage Stabilizer — The internal voltage 
stabilizer provides a stabilized supply voltage 
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TDA3652 


of 6V for drive of the output stage, so the 
drive current is not influenced by the various 
voltages of different applications. 


8, 9 Flyback Generator — Pin 8 is the 
output pin of the flyback generator. Depend- 
ing on the value of the external resistor at Pin 
8, the capacitor at Pin 6 will be charged to a 
fixed level during the scan period. The maxi- 
mum height of the level is equal to the supply 
voltage at Pin 9 (Vcc). When the flyback 
starts and the flyback pulse at Pin 5 exceeds 
the supply voltage, the flyback generator is 
activated and then the supply voltage is 
connected in series (via Pin 8) with the 
voltage across the capacitor. The voltage at 
the supply pin (Pin 6) of the output stage will 
then be not more than twice the supply 
voltage. 


signefics TDA3654 
Vertical Deflection Output 
Circuit 
Product Specification 

Linear Products 


DESCRIPTION FEATURES PIN CONFIGURATION 
- The TDA3654 is a full-performance verti- e¢ Direct drive to the deflection UP 
‘ eke a ackage 
cal deflection output circuit in a 9-lead, coils 
single in-line encapsulation. The circuit e 90° and 110° deflection system input [71 
is intended for direct drive of the deflec- Internal blanking guard circuit au (Z) 
tion coils and it can be used for a wide + iitenieal volians atanmicer SwiTcHNG 
range of 90° and 110° deflection sys- a! 9 chee By 
tems. APPLICATIONS STAGE GND 4 
; ; ; e Vid it OUTPUT [5 | 
The TDA3654 is provided with a guard eo monitors OUTPUT STAGE [3] 
circuit which blanks the picture tube e TV receivers SUPPLY INPUT 
‘ VOLTAGE 
screen in case of absence of the deflec- STABILIZER 
tion current. GENERATOR Lo 


Vee L9 
ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 


TOP VIEW 
CD12830S 


9-Pin Plastic SIP (SOT-131B) -25°C to +60°C TDA3654U 
9-Pin Plastic SIP (SOT-157) -25°C to +60°C TDA3654AU 


BLOCK DIAGRAM 


: VOLTAGE 
GUARD STABILIZER 


& 
CURRENT 
SOURCE 


— 


THERMAL TO 


AND + FEEDBACK 
SOAR bo ee 
PROTECTION 
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Vertical Deflection Output Circuit TDA3654 


ABSOLUTE MAXIMUM RATINGS 


Voltages 
Vous | Supply votee 
TVe-« | Supply votage ouput sage «| eo SSC«dC 
[vice [rt wtp eee 
[Vane | Input votage swiching creut | Vows «| 
Vine | Exemal votage at Pn? | YS 
i 


Repetitive peak output current of +15 A 
flyback generator -1.6 A 
Non-repetitive peak output current of 
1 A 
flyback generator 
Temperatures 


Storage temperature range -65 to +150 


Operating ambient temperature range -25 to +60 
(see ang 2) 


| Operating junction temperature range _| at temperature range -25 to +150 a 


NOTE: 
1. Pins 2 and 4 are externally connected to ground. 


< 


< 


< 


< 


Issm 


Ht 
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Vertical Deflection Output Circuit TDA3654 


DC AND AC ELECTRICAL CHARACTERISTICS T, = 25°C, supply voltage (Vg_ 4) = 26V, unless otherwise stated. 


LIMITS 
SYMBOL PARAMETER 


UNIT 
min | typ | Max 
Supply 


vos | Sup votage Pm SOSC~“*~S*S*~*~*—“s*~CS*srSCtSESCSC“‘dSCNw 

ven | Sopp votage ouput sage —SSCS~SCSC~‘“SSCSCS 

Tiere | Sopp eonent Pins Sana —SSS~—~‘iCSY 

[5 [0 
ee 


3 
> 


Variation of quiescent current with temperature 


Output current 


+ |g(p-p) . 1.25 A 
Output current flyback generator, Pin 8 1.35 A 


Output voltage 


Saturation voltage to supply 


> 


V6 -5(SAT) at I5 =-1.5A 
V5 -6(SAT) at I5 = 1.5A° 
V6 -5(SAT) at Is =-1.2A 
V5 -6(SAT) at I5 = 1.2A° 


Saturation voltage to ground 
V5 — 4(SAT) at I5 = 1.2A 
V5 - 4(SAT) at I5 = 1.5A 


fs fe : 


won 
NON 


Flyback generator 


Saturation voltage 
V9 - 8(SAT) at Ig =-1.6A 
Vg - 9(SAT) at Ig = 1.5A° 
Vg - 8(SAT) at Ig =-1.3A 
Vg - 9(SAT) at Ig = 1.2A° 


Leakage current at Pin 8 


Flyback generator active IF 


rie tient Pn 9 eeng scr 
V7-2 = 
: 


lp 


a i3 
< |< 


3 in 3, 
A ee ee 
Output voltage, Pin 7, at I, = 0.5mA9 3.4 
: 7 


+e) 


Internal series resistance of Pin 7 
Guard circuit activates 


General data 
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TDA3654 


DC AND AC ELECTRICAL CHARACTERISTICS (Continued) T, = 25°C, supply voltage (Vg_4) = 26V, unless otherwise 


Thermal resistance 


SYMBOL PARAMETER 


stated. 


PMTs 
UNIT 


see Figure 2 


NOTES: 

1. Non-repetitive duty factor 3.3%. 

2. The maximum supply voltage should be chosen so that during flyback the voltage at Pin 5 does not exceed 60V. 
3. When Vs_4 is 13V and no load at Pin 5. 

4. See Figure 3. 

5. Duty cycle, d=5% or d=0.05. 

6. When Pin 3 is driven separately from Pin 1. 

7. During normal operation the voltage Vg_2 may not be lower than 1.5V. 
8. R_ = 8Q; | = 125mARmMs 

9. If guard circuit is active. 

10. With a 22pF capacitor between Pins 1 and 5. 


FUNCTIONAL DESCRIPTION 


Output Stage and Protection 


Circuits 

The output stage consists of two Darlington 
configurations in class B arrangement. Each 
output transistor can deliver 1.5A maximum 
and the Vcgo is 60V. Protection of the output 
stage is such that the operation of the transis- 
tors remains well within the SOA area in all 
circumstances at the output pin (Pin 5). This 
is obtained by the cooperation of the thermal 
protection circuit, the current-voltage detec- 
tor, and the short-circuit protection. Special 
measures in the internal circuit layout give the 
output transistors extra solidity; this is illus- 
trated in Figure 4, where typical SOA curves 
of the lower output transistors are given. The 
same curves also apply for the upper output 
device. The supply for the output stage is fed 
to Pin 6 and the output stage ground is 
connected to Pin 4. 
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Driver and Switching Circuit 

Pin 1 is the input for the driver of the output 
stage. The signal at Pin 1 is also applied to 
Pin 3 which is the input of a switching circuit 
(Pins 1 and 3 are externally connected). This 
switching circuit rapidly turns off the lower 
output stage when the flyback starts, and 
therefore, allows a quick start of the flyback 
generator. The maximum required input signal 
for the maximum output current peak-to-peak 
value of 3A is only 3V; the sum of the currents 
in Pins 1 and 3 is then maximum 1mA. 


Flyback Generator 

During scan, the capacitor between Pins 6 
and 8 is charged to a level which is depen- 
dent on the value of the resistor at Pin 8 (see 
Block Diagram). When the flyback starts and 
the voltage at the output pin (Pin 5) exceeds 
the supply voltage, the flyback generator is 
activated. 


The supply voltage is then connected in 
series, via Pin 8, with the voltage across the 
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Capacitor during the flyback period. This im- 
plies that during scan the supply voltage can 
be reduced to the required scan voltage plus 
saturation voltage of the output transistors. 


The amplitude of the flyback voltage can be 
chosen by changing the value of the external 
resistor at Pin 8. It should be noted that the 
application is chosen such that the lowest 
voltage at Pin 8 is >1.5V during normal 
operation. 


Guard Circuit 

When there is no deflection current, for any 
reason, the voltage at Pin 8 becomes less 
than 1V and the guard circuit will produce a 
DC voltage at Pin 7. This voltage can be used 
to blank the picture tube so that the screen 
will not burn in. 


Voltage Stabilizer 

The internal voltage stabilizer provides a 
stabilized supply of 6V to drive the output 
stage, so the drive current is not affected by 
supply voltage variations. 
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VERTICAL 


DEFLECTION 
VERTICAL DRIVE COILS 


(FROM PIN 1 TDA2578A) 


CHEN EET 
BERRRREXGRREEE 
he 


1 
HEATSINK 
NSP TA 


Figure 3. Quiescent Current as a Function 
of the Supply Voltage 


Figure 2. Power Derating Curve 
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Vertical Deflection Output Circuit TDA3654 


JUNCTION 
TEMPERATURE 


1 
2 
3 
4 
5 
6 
7 
8 
9 


OP17010S 


TC20780S 


Figure 4. Typical SOA of Lower Output Transistor 
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DESCRIPTION 

The SAA5350 EUROM1 is a single-chip 

VLSI NMOS CRT controller capable of 

handling all display functions required by 

the CEPT videotex terminal, model A4. 

Only minimal hardware is required to 

produce a videotex terminal using EU- 

ROM —the simplest configuration 

needs just a microcontroller and 4kB of 

display memory. 

FEATURES 

e Minimal additional hardware 
required 

e Screen formats of 40/80 
character by 1-to-25 row display 

e 512 alphanumeric or graphic 
characters on-chip or extendable 
off-chip 

e Serial attribute storage (STACK) 
and parallel attribute storage 

e Dynamically redefinable character 
(DRCS) capability over full field 

e Interfaces with 8/16-bit 
microprocessors with optional 
direct memory access 

e On-chip scroll map minimizes 
data to be transferred when 
scrolling 

e On-chip color map RAM followed 
by three non-linear digital-to- 
analog converters which 
compensate for CRT non-linearity 

e Memory interface capable of 
supporting multi-page terminals. 
EUROM can access up to 128kB 
of display memory 

e Programmable cursor 


NOTE: 


SAA5350 
Single-Chip Color CRT 
Controller (625-Line System) 


Product Specification 


PIN CONFIGURATION 


N Package 


e Programmable local status row 
e Three synchronization modes: 


- stand-alone: built-in oscillator operating 
with an external 6MHz crystal 


-— simple slave: directly synchronized from 
the source of text composite sync 


- phase-locked slave: indirect synchroni- AW/O1S 


zation allows picture-in-text displays 
(e.g., VCR/VLP video with text overlay) 
e On-chip timing composite sync 
output 
e Zoom feature which allows the 
height of any group of rows to 
be increased to enhance legibility 


APPLICATIONS 

e Videotex 

e Teletext 

e Microprocessor-controlled display 
systems 

e General purpose CRT controller 
applications 

e Display systems requiring the 
display of text, graphics, and 
analog video in the same video 
frame 


A15/D14 | 5| 
A14/D13 | 6| 
A13/D12 
A12/D11 | 8 | 
A11/D10 | 9| 


TOP VIEW 


CD12900S 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
40-Pin Plastic DIP (SOT-129) SAA5350N 


1. For a 525-line system, please use the SAA5355. Data sheets are available upon request. 


NOTICE: The SAA5350 will be replaced during 1987 by an upgraded SAA5351. Please consult factory for production status 
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Single-Chip Color CRT Controller (625-Line System) SAA5350 


PIN DESCRIPTIONS 
SYMBOL DESCRIPTION 


Input to be connected to Vss 
Buffer enable input to the 8-bit link-through buffer 


Register enable input. This enables A1 to A6 and UDS as inputs, and D8 to D15 
as input/outputs 


Multiplexed address and data bus input/outputs. These pins also function as the 8- 
bit link-through buffer 


Ground (0V) 


Analog reference input 
Analog outputs (signals are gamma-corrected) 


Switching output for dot, screen (row), box, and window video data; for use when 
video signal is present (e.g., from TV, VLP, alpha + photographic layer). This output 
is Low for TV display and High for text and will interface directly with a number of 
color decoder ICs (e.g., TDA3560, TDA3505) 


Output disable causing R, G, B, and VDS outputs to go to high-impedance state. 
Can be used at dot-rate 


12MHz clock output for hard-copy dot synchronization (referenced to output dots) 


Sandcastle feedback output for SAA5230 teletext video processor or other circuit. 
Used when the display must be locked to the video source (e.g., VLP). The 
phase-lock part of the sandcastle waveform can be disabled to allow free-running 
of the SAA5230 phase-locked loop 


F1/6 1MHz or 6MHz output 
F6 6MHz clock input (e.g., from SAA5230). Internal AC coupling is provided. 


VCS/OSCO Video composite sync input (e.g., from SAA5230) for phase reference of vertical 
display timing when locking to a video source (e.g., VLP) or in stand-alone sync 
mode, output from internal oscillator circuit (fixed frequency) 


Text composite sync input/output depending on master/slave status 


Field sync pulse output or defined-display-area flag output (both referenced to 
output dots) 


Upper data strobe input/output 

Lower data strobe output 

Data transfer acknowledge (open drain output) 

Bus request to microprocessor (open drain output) 

Address strobe output to external address latches 

Read/write input/output. Also serves as send/receive for the link-through buffer 


Positive supply voltage ( + 5V) 
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BLOCK DIAGRAM 


SAND  FS/DDA BUFEN R/W(S/R) BRA LDS 
CLKO F1/6 TCS TEST Yoo ss , RE AS DTACK UDS 


INPUT/OUTPUT BUFFERS AND 
LINK-THROUGH BUFFERS 


CHARACTER & ATTRIBUTE 
(PAGE) DATA 


ROW BUFFER 
FILL LOGIC COLOR MAP 


ROW BUFFER ANALOG 


LOGIC ROM CONVERTER 


ATTRIBUTE 
DATA 
om —— “oH ee 
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ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 
Supply voltage range (Pin 40) -0.3 to +7.5 


ViIMAX Maximum input voltage (except F6, -0.3 to +7.5 V 
TCS, REF) 


NOTE: 
Outputs other than CLKO, OSCO, R, G, B, and VDS are short-circuit protected. 


DC ELECTRICAL CHARACTERISTICS Vpp = 5V + 10%; Vsg = OV; Ta =-20 to +70°C, unless otherwise specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
min | tye | Max 


‘Smey SSSSCSCSCSCSCSCSC“‘“SSCSCSCSsSCSSSSS 
oo | Seve votage may —SCSC~“‘“*S*~“‘“~*~*rSCSC*dSCiSSC 
eo | Sepp conont na) ——SSCS~—SYSSCSESS* sm 
cmp SOSOSCSCSSCSCSCSCSCSSSSS 


Inputs F6' 


Slave modes (Figure 1) 


VP-P) Input voltage (peak-to-peak value) a ee ee eee 
[Vcc | Input peaks rolatve to 50% auy oor ——=S=S*~=“‘*‘*éidtSC*SC*dSC“‘(#‘CQWS:«OSCOVC 
iu] put eakage curent at i=O to 10vi Ta=zeo S| SSS*dYSSSC*dSCY 
ro | put capactence ——SSCSC~“—*~*ésSC“‘“TNC#dC OCS 

Stand-alone mode (Figure 2) 
or __| Seis capactance ofan ———SSSC~=~“~*~*~‘“‘—*~*é~rSC“‘“!SSSC*dCSSC*‘idSCiSCS 
[Go| Paral capactencs of ss ——SSSSCS~=<“~*~“~“~*~—s~é‘“sSC“‘“;SSC*dCSCSC*~‘“dtCSCiSC 
[Fa | Resonance resistance of owstah ——=S=S=“‘*S*~*~sSCS*‘“‘“RSO#dSCOWS#SSSC‘ SC 
A 


a 
| Vii | Input voltage High ts 
pu | imput current at Vi=0 to Voo+0avi Tanase | -t0 || +t |v 
a ree ee 


REF ii" 3) 


A pO (Pin 21 to Pin 20) with REF supply and R, G, B Q 
ner outputs OFF 


January 14, 1987 13-70 


Signetics Linear Products Product Specification 


Single-Chip Color CRT Controller (625-Line System) SAA5350 


DC ELECTRICAL CHARACTERISTICS (Continued) Vpp = 5V +10%; Vsg = OV; Ta =-20 to +70°C, unless otherwise 


specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pmin | tye | Max 


Outputs 


[Vou | Ouputwotage gh vel atig=0 toon —SSCSC~wdSCi TSC 
[vor | Ouputwotage termediate ve at g=-00 1 Fan ——~| sa | 20 | a7 |v 
Vor | Outpt votage ow vel atlo=aama——SSSC~wSCiStidSSSSC*dSSCw | 
a 
Trig eK, DONFS—SSOSC~“—~S*S*S~S~SC—C—SSC“C*‘“‘*S*S~S 


|: 


F1/6, CLKO, DDA/FS 


[Vou | Output vokage Hoh at iow=-200uA—SCSC~*~“~*~“~*~drCi CSC‘ OOO 
Vor | Outpt votage Low at in=aamaSSSCSCS~—~sS TSP 
To [tena capactarce ——SSSSCSC~<“~“~*S*~*—‘“‘—‘~*~sSSC‘“iSSC*‘iSCi 
[Vou | Output votage Hah at iou=-200uA——SCSC~*~“~*~“~*~srCiSCSdSCSC“‘(' «SO =O 
a | Opi votage Low ati =a2ma ——SSSCS~=~—SCiS*PSSC*dP Ct 
c_| toad eapactance ——SSSCS~=~<~s—‘“—sS*wSSCS~‘“TSC*‘“Ct 
[Vor | Output votage tow aig =aamA——=S~=~“‘*‘“*S*~rSCO*SC*idSC“‘C ON 
ro | tend caactence —SSCSCSC~SCSCSTSCSdS tr 
[core | Capactance OFF sit ——SSSCS~—~—~—~—‘—**S*~SSC‘iRSSSC‘dSC 


Output leakage current (OFF state) at V;=0 to Vpp + 0.3V; _ 
loFF Ta = 25°C 10 +10 MA 


Output voltage High AT Ioy =-250uA 
Output voltage Low at Io, = 2mA 


é 


pS 
é 
\s) 
oO 
: 


< 


OH 


< 


OL 


oO 
aN 
: 


Output voltage Low at Io, = 1mA 


Output leakage current (OFF state) at V;)=0 to Vppt+0.3V; 
OFF Ta = 25°C 


OL 


| 

os 

io) 

+ 

bh 

fo) 
» 


Input/Outputs 
vVCS/OSCO 
Vin Input voltage High 


VIL Input voltage Low 


| 20 | 
po 

Input current (output OFF) at V;=0 to Vpp + 0.3V; Ta = 25°C | -10 | | tof 
en 


Input capacitance 


rr 
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DC ELECTRICAL CHARACTERISTICS (Continued) Vpp = 5V +10%; Vsg = OV; Ta =-20 to +70°C, unless otherwise 


specified. 


LIMITS 
SYMBOL PARAMETER UNIT 
pmin | tye | Max 
TCS 


| 3s | 
2 
pu _ see 
|G | tmput capacitance Tt 
| 24 | 
a a 
ae 


A1/D0 to A16/D15, UDS, R/W 


Te | mit votage ow —SSSCSC~C~“~*~*~“~*~*~“~*~sSC‘ 
Ph | rn coent at Vin Ot Voor Oa TARA C*;C TO 
ro | mit caactance SS SSCSC~wSCSCSCS 


Output voltage High at Ioy =-200uA | 24 | 
Output voltage Low at Io, = 3.2mA | oo | 
Load capacitance |. 


January 14, 1987 13-72 


Signetics Linear Products Product Specification 


Single-Chip Color CRT Controller (625-Line System) SAA5350 


AC ELECTRICAL CHARACTERISTICS 


LIMITS 
SYMBOL PARAMETER UNIT 
| min | tye | Max 


Timing F6 (Figure 1) 


Cre | Freeney SSSSCS~—~SSSSdS ts i 


CLKO, F1/6, R, G, B, VDS, FS/DDA, OD* ° (see Figure 4) 


Pau [KOH me SSCSC~“~*~“—*~‘iSSSSSSCdSSSCdSC 
ce 


= fe 


tvr, tve R, G, B, VDS rise and fall times 


tys Skew between outputs R, G, B, VDS 


= 
6 


= 


OD to CLKO High hold 


Memory access timing” ® ° (see Figure 5) 
UDS, LDS, AS 


tcyc Cycle time 


oye time CO 
Psi | Ades vad soup 19 Stat 
Pasi | Aas vas oi ton AS tow 
Pes | Atos teat OOS fal 
AS Low to UDS fall delay | 50 
UDS, LDS High time | 220 | 
Coe | O08. EOS tow ne 
AS High time 125 

tLas AS Low time 


AS Low to UDS High 

Data valid setup to UDS rise 
Data valid hold from UDS High 
UDS High as AS rise delay 
AS Low to data valid 


taUH 


tpsu 


tuas 


ar [ne 


taFA 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


LIMITS 
SYMBOL PARAMETER 


UNIT 
min | tye | Max 
Link-through buffers” ® (see Figure 6) 


tro | Unksnough doy me SSS 
ten | rout data oat prior to arecion charge ——SSSCSC~YSC 
Mtogn | Out oat ater cecton change —=SSS*~=~*~“~tSSCSCi‘istSSSCSC~iCiT 
lteep | Output float after BUFEN High | 
Microprocessor READ from EUROM (Figure 7) 
Piao [RW gh spo Ste ——SSCSC~“~*~*~*~“‘~sSOSSC*dSSC“‘#SCOOCdS ws 
tox | UDS Low to rouneddata anes me ——=SC*~*~<“~*‘“‘*dtCSC“C*é‘*rtCSSC*C~dtCi 
tan | RE LOW to retuned data acess me ——=SCS~CSC<~*tCSCSCSC~rCO Ye 
ton | Data val 0 OTACK tow doy ——SSS~—S~‘ Tdi 
tow | DAK Low o Smee —SSCSC~“~*“~*S*S*~“~SSSCSdSSSC*dSCCid 
Com | US Hoh w TAK we ——SCSC~=~“‘*‘“*~*“‘~*~srSCSSC*dSCSC“‘CSC OOS 
tos | OS Hon to eaeress noe ——SSCSC~“~‘“~*~*~“‘“~*rtCSSCSSSSS 
Poss | US Hoh dea os SSSCSC~“~*“~*~“‘“*~*sSCSSCSSSSC*‘“dSC“‘C 
Cisne | UOSHon AEs SSSCSC~<—~S~—‘—~—s~ dCi 
un | OOS How SSCSC~“~*S*~“—*~‘sSS SSCS 
[oso | UOS tow wo TACK ow —SSSCS~“~*~*~‘~*~*~dtCiTSSSC*dSCi 
i 0 


Data valid to UDS rise 
toTa UDS Low to DTACK Low 
toLu DTACK Low to UDS rise 


[WOE High wo edwess hod SSCSC~“~*~sCSC‘ CS 
F1/6 to memory access cycle (Figure 9) 
r 
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AC ELECTRICAL CHARACTERISTICS (Continued) 


LIMITS 
SYMBOL : PARAMETER UNIT 
pwn | tye | Max 


Synchronization and blanking TCS, SAND, FS/DDA 


See Figure 10 for timing relationships and Figure 11 for vertical 
sync and blanking waveforms. 


NOTES: 
1. Pin 30 must be biased externally as it is internally AC-coupled. 
. 16-level analog voltage outputs. 
. Output voltage guaranteed when programmed for top level. 
. CLKO, R, G, B, F1/6, VDS: C, = 25pF; FS/DDA: C, = 50pF. 
. CLKO, F1/6, VDS, FS/DDA: reference levels = 0.8 to 2.0V; R, G, B: reference levels = 0.8 to 2.0V with Vrer = 2.7V. 
. These times may momentarily be reduced to a nominal 83ns in slave-sync mode at the moment of resynchronization. 
. CO. = 150pF. 
. Reference levels = 0.8 to 2.0V. 
. F6 input at 6MHz. 
. Microprocessor write cycle times of less than 500ns are permitted but often result in wait states being generated; the precise timing of DTACK will 
then depend on the internal synchronization time. 


SOON OA WN 


—_ 


Vss 


TC20690S 


NOTE: 
1. Catalog number of crystal: 4322 143 04101. 


b. Equivalent Circuit of Crystal at 
a. Oscillator Circuit for SAA5350 Resonance (see Characteristics for 
Stand-Alone Sync Mode Values) 


Figure 2 
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== ea 


VREF Ves 
SELECT 
1 FROM 16 


R, G, OR B ANALOG 
OUTPUT 


DFO6840S 


Figure 3. Circuit Arrangement Giving One-of-Sixteen Reference Voltage Levels for the R, G or B Analog Outputs 


teLKH 


torke teukr 
touxt 


tcop 


WF20231S 


Figure 4. Video Timing 
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DATA INPUT 


WF20220S 


DATA 3 DATA 4 
OUTPUT OUTPUT | 


WF20210S 


Figure 6. Timing of Link-Through Buffers 
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pais te 


MMMM 
MMMM a 


tass 


Figure 8. Timing of Microprocessor Write to EUROM 
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WF20180S 


Figure 9. Timing of F1/6 to Memory Access Cycle 


TCS 
(LINE SYNC COMPONENT) 


SAND 
(SANDCASTLE OUTPUT 
INCLUDING PHASE LOCK) 


SAND 
(SANDCASTLE OUTPUT 
WITHOUT PHASE LOCK) 


FS/DDA 
(DDA SHOWN) 


Ous 1.5us 4.75yus 8.5us 


NOTE: 
1. All timings are nominal and assume frg = 6MHz. 


Figure 10. Timing of Synchronization and Blanking Outputs 


FIELD BLANKING (25 LINES + LINE BLANKING) 


5 EQUALIZING 5BROAD 5 EQUALIZING 
PULSES PULSES PULSES 
(2% LINES)| (2% LINES) | (2% LINES) 


END OF 4TH FIELD (ODD) START OF 1ST FIELD (EVEN) 
1 ! 


| 622] 623] 624}625} 1 |] 213 1415/6171] 819 f 0] 1] 121 13 | 14 | 15 | 16 | 17 | 18] 19 | 20] 21 | 22 | 23 | 


END OF 1ST FIELD (EVEN) START OF 2ND FIELD (ODD) 
| 


| 310 a al a ae | See Yas | ee seam Pat | as | Se Ya | aed ee | ce ae | eae Sat | Se | Sd a | ae 336 | 


NOTE: 
1. Separation of broad pulses = 4.75us; equalizing pulse widths = 2.25ys. 


Figure 11. Vertical Synchronization and Blanking Waveforms 
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BASIC VIDEOTEX DECODER 
CONFIGURATION 


A basic, practical decoder configuration is 
shown in Figure 12. Reference should also be 
made to the Block Diagram. 


Character and attribute data is fetched from 
the external memory, processed by the row 
buffer fill logic according to the stack coding 
scheme (in stack mode) and then fed into one 
half of the dual display row buffer. The data 
fetch process takes place during one line- 
flyback period (per row) and, since time is 
required to complete the fill, the other half of 
the dual row buffer is used for display. The 
row buffers exchange functions on alternate 
rows — each holds the 40 columns of 32 bits 
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SAA5350 


CONTROL LOGIC | is 


Figure 12. Basic Videotex Decoder Configuration 


required to define explicitly every character in 
a row. 


The addresser is used for row buffer filling 
and for fetching screen colors, and during the 
display time it is also used for addressing 
DRCS characters. 

Timing 

The timing chain operates from an external 
6MHz clock or an on-chip fixed-frequency 
crystal oscillator. The basic video format is 40 
characters per row, 24/25 rows per page, 
and 10 video lines per row. EUROM will also 
operate with 20/21 rows per page and 12 
video lines per row. The two extra lines per 
row are added symmetrically and contain 


13-80 


background color only for ROM-based alpha- 
numeric characters. DRCS characters, block 
and smooth mosaics, and line drawing char- 
acters occupy all 12 lines. 


The display is generated to the normal 625- 
line/50Hz scanning standard (interlaced or 
non-interlaced). In addition to composite sync 
(Pin 32) for conventional timebases, a clock 
output at 1MHz or 6MHz (Pin 29) is available 
for driving other videotex devices, and a 
12MHz clock (Pin 27) is available for hard- 
copy dot synchronization. A defined-display- 
area timing signal (Pin 33) simplifies the 
application of external peripherals such as a 
light pen; this signal is nominally coincident 
with the character dot information. 
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Character Generation tables are in on-chip ROM and contain fixed tables (Tables 0 to 3) are shown in Figures 13 
EUROM supports eight character tables, Characters, and four are stored in an external and 14. 
each of (nominally) 128 characters. Four RAM. The contents of the fixed character 


Aa OBPGp 
fz! 1AQaq 
Be” 2BRbr 
uwusa3cScs 
caa4DTdt 
EeosSEvVeu 
Lii6FVfv 
(o’ 7GWow 
uu (8HXhx 


Aa) S1LYiy 
Gax%: IZjz 
e690; KAkS 
Ti, iL61é 
Nh- oMUmii 
Aa. 6Ni nB 
Co/TO#o2 


Sr OF Ht Dt Qi se> S> Ws Cas SQ? > Ns Ws. Bs 


ar EL Hae ae et Ga- PI: Cy: ae 


CO a GY for > &> > Cas > Gis C)> i 0. 


a. Table 0 


Figure 13. On-Chip Characters 
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a. Table 2 


The 128 most commonly used characters are 
contained in Table 0. These are the standard 
upper- and lower-case letters of the Roman 
alphabet, numerals, punctuation, and the 
more common accented characters. In nor- 
mal text transmission, Table 0 is used most of 
the time. Table 1 contains other accented 
characters. Miscellaneous characters, mathe- 
matical symbols, the line drawing character 
set, and accents without associated symbols, 
are contained in Table 2. Table 3 contains the 
block mosaics for the basic alpha-mosaic 
service and also the new smooth mosaics. 


The four tables stored in the external RAM 
(Tables 4 to 7) are used for DRCS. 


Scroll Map 

The scroll map uses a 26-byte area of on-chip 
RAM and functions in association with the 
timing chain. It maps the scan row on to the 
fetched memory row, thereby allowing the 
stored page to be displayed in any row order. 
For each row, a 1-byte pointer to the display 
memory row is stored in the scroll map. This 
allows scrolling without the need for data 
transfer to, or from, side storage. 
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Figure 14. On-Chip Characters 


Additional control bits are stored, allowing 1 
to 25 rows to be displayed at any location on 
the screen. 


Color Map and Digital-to-Analog 


Converters 

The color map RAM contains thirty-two 12-bit 
words that are loaded by the microprocessor 
and read out in three 4-bit groups at pixel 
rate. Each group is fed to a non-linear (gam- 
ma-corrected) D/A converter. The resulting 
R, G, and B outputs are low-impedance with 
peak-to-peak amplitudes controlled by the 
reference voltage applied at Pin 21. 


Cursor 

The cursor is available in the stack mode. Its 
position, character code, character table, 
foreground color, background color, lining, 
and flash attributes are all software program- 
mable via internal register bits. 


NON-VIDEOTEX APPLICATIONS 
For non-videotex applications, the device will 
also support the following operating modes: 


Explicit fill mode — An alternative 40 char- 
acter/rows mode which does not use the 
memory compression technique of stack cod- 
ing. More display memory is required, but 
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DF06400S 


b. Table 3 


there are no limitations on the number of 
display attribute changes per row. 


80 characters/rows mode — When operat- 
ing with 80 characters per row, the available 
display attributes are eight foreground colors, 
eight (potentially different) background colors 
(including transparent), as well as underline 
and blink. 


Full field DRCS mode — This mode is not 
mutually exclusive to the explicit fill and 80 
characters/rows modes, but rather the avail- 
able DRCS memory is expanded so that the 
whole screen can be covered, thus enabling 
a ‘bit map’. All ROM-based characters and all 
display attributes remain available. 


MICROPROCESSOR and RAM 
BUS INTERFACE 


Three types of data transfer take place at the 

bus interface: 

@ EUROM fetches data from the display 
memory 

@ The microprocessor reads from, or 
writes to, EUROM's internal register 
map 
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@ The microprocessor accesses the 
display memory 


EUROM Access to Display 


Memory (Figures 15 and 16) 

EUROM accesses the external display mem- 
ory via a 16-bit multiplexed address and data 
bus with a cycle time of 500ns. The address 
strobe (AS) signal from EUROM flags the bus 
cycle and writes the address into octal 
latches (74LS373). The display data is stored 


NOTE: 
1. 74LS373 octal transparent latch (3-State) 


in bytes of upper (most significant) and lower 
(least significant) display information, and is 
always fetched in pairs of bytes (up- 
per + lower = 16 bits). The upper and lower 
display RAM sections are enabled simulta- 
neously by the upper and lower data strobes 
(respectively UDS and LDS) which are always 
asserted together to fetch a 16-bit word. The 
read/write control R/W is included, although 
EUROM only reads from the display memory. 


Product Specification 


SAA5350 


The display memory organization uses the 
word/byte addressing convention adopted for 
the SCN68000 microprocessor series. Data 
fetched on the 16-bit bus is considered in 
terms of bytes where the even-numbered 
bytes use the upper (most significant) part of 
the bus as shown in Figure 17. The word 
addresses are numerically the same as the 
upper byte that they contain — there are no 
odd-numbered word addresses. 


Figure 15. Simple RAM Interface Circuit for Display Memory Access 


XX) 


v Vv YX 
XXX 


WF20170S 


Figure 16. Bus Timing for Display Memory Access 
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D15 TO D8 


WORD 1FFFE 
1 BYTE 1FFFF 


Figure 17. Display Memory Word/Byte 
Organization. 


Figure 18. 
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Warning Time 

As EUROM is a real-time display device, it 
must have direct access to the display memo- 
ry with priority over the microprocessor and 
other peripheral devices. This is achieved by 
EURONM issuing a bus request (BR) signal for 
the duration of the memory access, plus a 
programmable advance warning time which 
allows the microprocessor to complete its 
current bus cycle. 


In systems where the buses of the micropro- 
cessor and EUROM are intimately connected 
(connected systems), BR may be used to 
suspend all microprocessor activity so that 
EUROM can act as a dedicated DMA control- 
ler. In systems where the two buses are 
separated by buffers (disconnected systems), 
BR may be used either to generate an inter- 


REGISTER 
MAP 


A16-A9 
D15-D8 
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A6-A1 
D5-DO 


rupt or as a direct signal. To these ends, the 
warning time between the assertion of BR 
and the beginning of EUROM's bus activity is 
programmable to be between 0 and 23us. 


Microprocessor Access to 
Register Map 


EUROM has a set of internal registers which, 
when memory-mapped, behave as an 8-bit- 
wide RAM connected to the upper part of the 
data bus (Figure 18). The control signals UDS 
and R/W are reversed to become inputs, and 
the register map is enabled by the signal RE. 
Addresses are input via the lower part of the 
bus. A data transfer acknowledge signal 
(DTACK) indicates to the microprocessor that 
the data transfer is complete. 


DTACK 


TC20671S 


Microprocessor Access to Register Map 
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The main data and address paths used in a 
connected 68000 interface are shown in 
Figure 19. The outputs from the octal latches 
(74LS373) are enabled only when the 68000 
has made the bus available in response to a 
bus request (BR). When the register map is 
accessed, data is transferred via the upper 
part of the bus and the microprocessor's low- 
order address is passed to EUROM via the 
octal buffers (74LS244). At the same time, 
the bidirectional buffers (74LS245) disable 
the signals from the low-order data bus of the 
68000. 


The buffers '244 and '245 may be omitted in 
a 16-bit write-only configuration where the 


i 


UPPER 
DISPLAY 
RAM 


UPPER 
SYSTEM 
MEMORY 


NOTE: 

1. 74LS373 octal transparent latch (3-State). 
2. 74LS244 octal buffer (3-State). 

3. 74LS245 octal bus transceiver (3-State). 
4. SCN68000 microprocessor unit. 


least-significant data byte is interpreted by 
EUROM as an address. Here, it will generally 
be necessary for the microprocessor to hold 
a (readable) ‘master copy' of EUROM's scroll 
map contents at a location in its main memo- 
ry. 


8-Bit Microprocessors 

Although the control bus is optimized for the 
SCN68000 16-bit microprocessor unit, EU- 
ROM will operate with a number of widely 
differing industry-standard 8- or 16-bit or 
more microprocessors or microcontrollers 
(e.g., SCN68008, MAB8051). The interfacing 
of 8-bit microprocessors to the 16-bit-wide 
display memory is made simple by EUROM's 


A8-A1 
D7-D0 


DISPLAY 


SYSTEM 
MEMORY 


A23-A17 


68000 


on-chip, link-through buffer which provides 
the microprocessor with bidirectional access 
to the lower (odd) half of the memory. The 
link-through buffer is enabled by the buffer- 
enable signal BUFEN, and the send/receive 
direction is controlled by the signal S/R. 


The main data and address paths used in a 
connected 8-bit microprocessor system are 
shown in Figure 20. The interface is similar to 
that of the 16-bit system, but here the display 
memory does not receive AO as an ad- 
dress — rather AO is used as the major en- 
abling signal for BUFEN (enables when High). 


LOWER om = 731) 7 


Figure 19. Connected 16-Bit Microprocessor System 
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REGISTER ADDRESS 
MAP 


LINK 
THROUGH 
BUFFER 


S/R‘ BUFEN 


UPPER 
(EVEN) 

DISPLAY DISPLAY 

MEMORY MEMORY 


SYSTEM 
MEMORY 


BUS REQ A16-AXX 


8-BIT MICROPROCESSOR 


NOTES: 
1. 74LS373 octal transparent latch (3-State). 
2. 74LS244 octal buffer (3-State). 


Figure 20. Connected 8-Bit Microprocessor System 
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Disconnected Systems 
For many applications it may be desirable to 
disconnect EUROM and the display memory 


REGISTER 


from the microprocessor and its ROM, RAM, 
and other peripherals by using isolating buf- 
fers as shown in Figure 21. The two parts of 
the system then operate independently and 


ADDRESS 


MAP 
LINK 
THROUGH 
& BUFFER a 


UPPER 
(EVEN) 
DISPLAY 
MEMORY 


NOTES: 

1. 74LS373 octal transparent latch (3-State). 
2. 74LS244 octal buffer (3-State). 

3. 75LS245 octal bus transceiver (3-State). 
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LOWER 
(ODD) 
DISPLAY 
MEMORY 


DATA BUS 


ADDRESS BUS 


Figure 21. Disconnected 8-Bit System 
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communicate only when the microprocessor 
accesses EUROM's register map or the dis- 
play memory. 


BD09160S 


Signetics Linear Products Product Specification 


Single-Chip Color CRT Controller (625-Line System) SAA5350 


Synchronization 


Stand-Alone Mode 

As a stand-alone device (e.g., in terminal 
applications) EUROM can output a composite 
sync signal (TCS) to the display timebase IC 
or to a monitor. Timing is obtained from a 
6MHz on-chip oscillator using an external 
crystal as shown in Figure 22. 


Simple-Slave 

In the simple-slave mode, EUROM synchro- 
nizes directly to another device — such as to 
the TCS signal from the SAA5240 European 
computer-controlled teletext circuit (CCT), or 
from another EUROM as shown in Figure 23. a 
EUROM's horizontal counter is reset by the Li oe 
falling edge of TCS. A dead time of 250ns is 

built in to avoid resetting the counter at every 
TV line, and so prevents screen jitter. Field —— 
synchronization is made using EUROM's in- 


ternal field sync separator. Figure 22. Stand-Alone Synchronization Mode 


Phase-Locked Slave 

The phase-locked slave (indirect sync) mode 
is shown in Figure 24. A phase-locked VCO in 
the SAA5230 teletext video processor pro- 
vides sync to the timebases. When EUROM 
is active, its horizontal counter forms part of 
the phase control loop — a horizontal refer- 
ence is fed back to the SAA5230 from the 
SAND output and a vertical reference is 
generated by feeding separated composite 
sync to EUROM's field sync separator via the 
VCS input. In the phase-locked slave mode, Vv 
the display derived from EUROM can sync TCS 
with that from a TV source or a local VLP a 


layer, thus giving picture-in-text display pos- 
ee oe e tial Figure 23. Simple-Slave (Direct Sync) Mode 
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Figure 24. Phase-Locked Slave (Indirect Sync) Mode 
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The SAA5350 is a VLSI Advanced Peripheral 
Display Controller (APDC) containing approxi- 
mately 120,000 transistors in advanced 
NMOS technology. 


The APDC may be used for many display 
terminal applications such as color video 
monitors, personal computers, medical/in- 
dustrial equipment, picture-telephones, video- 
tex terminals, dot color printers, workstations 
and more. 


Video systems design is made simple when 
using the APDC. The APDC can easily inter- 
face to a general purpose 8- or 16-bit micro- 
processor and act as a DMA device when 
accessing the display memory. Due to stack 
coding technique and the on-chip character 
ROM, external display memory requirements 
are minimal; 4kbytes is sufficient to create a 
high resolution, full-color, animated display. 
Figure 1 depicts a typical Videotex terminal 
implementation using the SAA5350. The 
4kbytes include a 2kbytes user-defined Dy- 
namically Redefinable Character Set (DRCS). 
The DRCS Concept is a powerful technique 
which allows each pixel of a character cell to 
be individually set, permitting almost unlimited 
expansion of the character repertoire and the 
display of more complex alphabets (Cyrillic, 
Arabic, Katakana, etc.) simple pictures, com- 
pany logos, and other symbols (Figure 2). 


The main features of the APDC are: 

@ 40/80 column by 20/24 row display 

@ On-chip ROM containing 512 
alphanumeric characters 

@ Dynamically Redefinable Character Set 
(DRCS) capability 

@ On-chip scroll map 

@ On-chip color look-up table RAM and 
three D/A converters with gamma 
corrected outputs (32 colors/row-total 
color palette of 4,096 colors) 

@ Various flashing modes 

@ Many display attributes: double-height, 
double-width, double-size, invert, 
conceal, window, . . .etc. 

® Easy interface to 8- or 16-bit 
microprocessors 

@ DMA capability to system display 
memory (this IC has a 16-bit 
multiplexed address and data bus.) 

@ Three synchronization modes: stand- 
alone, simple slave or phase-locked 
slave, allowing easy implementation of 
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Figure 2. Examples of Displays Using DRCS 


text-in-picture or picture-in-text type 
displays. 
® Composite sync output 


@ Supports both interlaced and non- 
interlaced type displays 


@ Designed for 625 line systems 
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@ Single 5V supply, 40-pin DIP 


This application note outlines how the APDC 
operates, summarizes its attributes and gives 
examples of how it interfaces with micropro- 
cessors and display memory. The concepts 
of stack coding and DRCS are also briefly 
described. 
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SAA5350 CRT Controller IC 


APDC 

A block diagram of APDC is shown in Figure 
3. The APDC contains the following general 
functions: timing chain, character generator, 
attribute logic, scroll map, screen color logic, 
DRCS logic, and microprocessor interface. 


To optimize system cost, APDC also incorpo- 
rates a color map RAM and D/A converters 
providing RGB outputs corrected for CRT 
non-linearity. The on-chip scroll map elimi- 
nates the need for massive data transfer 
when scrolling. 


Character and attribute data is fetched from 
the external memory, processed by the row 
buffer fill logic according to the stack coding 
scheme (when in Stack Mode), and then fed 
into one half of the dual display row buffer. 
The data fetch process takes place during 
one line flyback period (per row), and since 
time is required to complete the fill, the other 
half of the dual row buffer is used for display. 
The row buffers exchange functions on alter- 
nate rows; each holds the 40 columns of 32 
bits required to define explicitly every charac- 
ter in a row. 


The addresser is used for row buffer filling 
and for fetching screen colors; during the 
display time it is also used for addressing 
DRCS characters. 

Timing 

The timing chain operates from an external 
6MHz clock or the on-chip fixed-frequency 
crystal oscillator. The basic format is 40 
characters per row, 24/25 rows per page, 10 
video lines per row. 


APDC will also operate with 20/21 rows per 
page, 12 video lines per row. 


The two extra lines per row are added sym- 
metrically, and contain background color only 
for ROM-based alphanumeric characters. 
DRCS characters, block and smooth mosa- 
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Figure 3. APDC Block Diagram 


ics, and line drawing characters, however, 
occupy all 12 lines. 


The display is generated to the normal 625- 
line/50Hz scanning standard, interlaced or 
non-interlaced. In addition to composite sync 
for conventional timebases, a clock output at 
1MHz or 6MHz is available for driving other 
videotex devices, and a 12MHz clock is 
available for hardcopy dot synchronization. A 
Defined Display Area timing signal simplifies 
the application of external peripherals such 
as a light pen. This signal is nominally coinci- 
dent with the character dot information. 


Character Generation 

APDC supports eight character tables, each 
of nominally 128 characters. Four are in on- 
chip ROM and contain fixed characters, and 
four for DRCS are stored in external RAM. 
The contents of the fixed character tables 
(Tables 0 to 3) are shown in Figures 4 and 5. 


Table 0 contains the 128 most commonly 
used characters: standard upper- and lower- 
case Roman alphabet, numerals, punctua- 
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tion, and the more common accented charac- 
ters. In normal text transmission, Table 0 is 
used most of the time. 


Table 1 contains further accented characters. 


Table 2 contains a number of miscellaneous 
characters, mathematical symbols, the line 
drawing character set, and accents without 
associated characters. 


Table 3 contains the block mosaics for the 
basic alphamosaic service, together with the 
new smooth mosaics. The two sets are com- 
plementary and can readily be combined to 
create pleasing graphic displays such as 
maps, some examples of which are shown in 
Figure 6. Although the editorial need for these 
characters has decreased somewhat with the 
availability of DRCS, being predefined and 
resident on-chip, their use makes for savings 
in transmission time and avoids the waiting 
times associated with the downloading of 
DRCS characters. 


Tables 4, 5, 6 and 7 are stored in external 
memory and are used for DRCS. 
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Figure 6. Examples of Displays Using Smooth and Mosaic Line Drawing Characters 
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Scroll Map 

Associated with the timing chain is the scroll 
map, an area of on-chip RAM of 26 bytes. It 
maps the scan row onto the fetched memory 
row, allowing the stored page to be displayed 
in any row order. For each row, a one-byte 
pointer to the display memory row is stored in 
the scroll map. This allows scrolling without 
the need for data transfer to or from side 
storage. Additional control bits are stored, 
allowing 1 to 25 rows to be displayed at any 
location on the screen. 


Color Map and D/A Converters 
The on-chip color map and D/A converters 
considerably simplify the external circuitry. 
The color map RAM contains 32 12-bit words 
that are loaded by the microprocessor and 
read out in three 4-bit groups at pixel rate. 
Each group is fed to a nonlinear (gamma- 
corrected) D/A converter. The resulting R, G, 
and B outputs are low impedance with peak- 
to-peak amplitudes controlled by the voltage 
applied to the Reference Pin. 


Cursor 

A cursor is available in Stack Mode. Its 
position, character code, character table, 
foreground color, background color, lining 
and flash attributes are all software program- 
mable via internal register bits. 


DISPLAY ATTRIBUTES 
APDC provides the following attributes for 
any character displayed. 


Foreground Color 

Foreground color is coded in five bits, imply- 
ing a total of 32 colors. Of these, 31 represent 
specific locations in the color map; the last is 
interpreted as transparent. 


When a pixel is set to transparent, the display 
color pointer is set to the value of the screen 
color at this location. If the screen color 
attribute is also transparent, the underlying 
TV picture, if any, is unblanked (i.e., dis- 
played). 


The 32nd location is also used during line or 
field flyback to output blanking level (black). 


Background Color 

Background color operates in exactly the 
same way as foreground color, with five bits 
defining 31 colors plus transparent. 


Screen Color 

The color of the screen may also be set to 
any one of the 31 color map locations, or 
transparent. The screen is notionally divided 
into 27 areas corresponding to the 25 rows 
and the upper and lower border areas. Each 
of these 27 areas can refer to a different 
location in the color map. 
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Flash 

There are three states and six rates of flash. 
Other combinations such as 3-phase flash at 
1Hz are not required but nonetheless are 
available with APDC. 


Three flash states are: 

@ normal flash (active pixels alternating 
between foreground and background 
colors) 


@ inverted flash (in antiphase with normal 
flash) 


@ color table flash, where the active pixels 
alternate between two colors in the 
color map 


The six flash rates are: 
® 2-phase 1Hz flash (even flashing at 
1Hz) 


® each phase of 3-phase 2Hz flash 
® ICF (increment flash) 
@ DCF (decrement flash) 


lf the image of an object is given sequential 
phases in adjacent character cells, three- 
phase flash gives the impression of move- 
ment along a row. Three-phase flash can also 
be used with DRCS to produce dynamic 
displays without the need for continuous 
transmission. 


The ICF and DCF attributes cause objects to 
appear to move right or left, respectively, in 
the same way as with 3-phase flash. It avoids 
the need to specify flash phase explicitly ona 
per-character basis. In Stack Mode, APDC 
automatically supplies the correct phase. This 
method of specifying object motion reduces 
transmission time and serial attribute memory 
utilization. 


Character Size 

Double-height is available in the basic alpha- 
mosaic service, with certain restrictions. For 
example, a single row can contain only top or 
bottom halves of characters, not both, and so 
double-height characters cannot be inter- 
leaved. APDC provides double-width and 
double-size in addition to double-height, with 
no restrictions on horizontal or vertical inter- 
leaving. 


In Stack Mode, APDC applies ‘size rules' to 
determine the displayed output when con- 
flicts occur; these rules apply, for example, 
when the bottom half of a double-height 
character would occupy the same position as 
the right-hand half of a double-width charac- 
ter. Part characters are never displayed. See 
separate section on Stack Coding. 

Lining 

For alphanumeric characters, the Lining attri- 
bute underlines the character. For mosaics 
and line drawing characters, it separates the 
character into six blocks or sub-squares (mo- 
saic separation). 
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Conceal 

The Conceal attribute makes the foreground 
and background colors the same until a local 
reveal function is activated. The local reveal 
function can be applied either to the whole 
field or on a row-by-row basis, allowing pro- 
gressive reveal in response to user interac- 
tion. 


Invert 

This attribute exchanges the foreground and 
background colors and is included for com- 
patibility with Teletel transmission codes. It 
also applies to Flash, giving antiphase in- 
stead of normal flash. 


Box/Window 

If the basic frame begins in TV mode, this 
attribute superimposes a box containing text 
(Foreground and Background or Screen col- 
ors) on the TV picture. It is compatible with 
the Box function used in the basic alphamo- 
saic teletext service. 


If the basic frame begins in text mode, the 
attribute provides a Window. That is, it sets 
the screen color to transparent at the charac- 
ter positions where it applies, so that the 
underlying TV picture is visible at pixels that 
are not obscured by foreground or back- 
ground colors. 


White Button 

Various attributes and combinations of attri- 
butes can cause on-screen data to be ob- 
scured — double-height/double-width, con- 
ceal, foreground and background colors the 
same, etc. It is a requirement that this effect 
can be negated by a user function, colloquial- 
ly known as the ‘white button’, which sets all 
the attributes to their default values without 
affecting the display memory contents. This 
function is implemented in APDC by a micro- 
processor-defined register bit which is active 
in Stack, Explicit Fill, and 80 Characters/Row 
modes. 


ADDITIONAL FEATURES 

APDC offers a number of features which are 
outside the specification, giving the IC a wider 
range of application. 


Explicit Fill 

In Explicit Fill mode, the page memory is not 
stack coded, and no processing is carried out 
during the Row Buffer Fill operation. Data 
from the memory is transferred directly to the 
row buffer. 


Since there is then an explicit representation 
of all the attributes at every character loca- 
tion, there is no limit to the number of 
attribute changes on a given row. However, 
this mode requires a larger amount of exter- 
nal RAM (6kbytes/page including DRCS 
memory). Also, enlarged characters are not 
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Figure 7. APDC Access to Display Memory 


checked, so the rules concerning the size 
attributes must be implemented in software. 


80 Characters/Row 

The 80-character mode is also an explicit fill 
mode without stack coding. No additional 
circuitry is required; the row buffer is effec- 
tively rearranged as 80 16-bit words, each 
containing: 

@ 8 character bits 

®@ 3 foreground color bits 

@ 3 background color bits 

@ 1 underline bit 

@ 1 flash bit 


Dot data is fetched from external memory in 
the same way that DRCS data is retrieved. All 
characters are displayed as a 6 X 10 dot 
matrix, with both one and two bits/dot modes 
available. In the one bit/dot mode, the exter- 
nal dot memory need only be eight bits wide. 
When using 10 lines/row, 204 different char- 
acter matrices may be stored in a 2K8 memo- 
ry. 

The flash mode incorporates color table 
flash. For maximum flexibility of display the 
foreground and background colors are ap- 
plied to different areas of the color map. 
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Full-Field DRCS 

For alphageometric and similar applications, 
a bit-map display is desirable, where each 
pixel on the screen corresponds to a location 
in the memory. APDC implements this indi- 
rectly by expanding the DRCS character rep- 
ertoire so that the entire defined display area 
can be covered with fully random data. 


One chapter (1K16) of DRCS memory can 
contain data for 51 6X 10 x 4 (6 pixels 
wide, 10 pixels high, 4 bits per pixel) charac- 
ters, sufficient for two complete character 
columns. If after these two columns have 
been scanned, the DRCS chapter is incre- 
mented to a new area of memory, a further 
two columns can be covered with different 
random data. 


This method of using 20 contiguous chapters 
of display memory and incrementing the 
DRCS chapter latch in synchronism with the 
horizontal scan forms the basis of the full- 
field DRCS mode. All DRCS modes, on-chip 
ROM-based characters, and attributes are 
still available. 


lf, for example, a less memory-intensive 
DRCS mode, such as 12 X 10 X 1, is de- 
sired, then the necessary 10 chapters can be 
addressed by omitting the least significant 
chapter bit (A11) from the memory address. 
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MICROPROCESSOR AND RAM 
INTERFACE 


Three types of data transfer take place at the 

bus interface: 

@ APDC fetches data from the display 
memory 


@ The microprocessor reads from, or 
writes to, APDC internal register map 


@ The microprocessor accesses the 
display memory 


APDC Access to Display 


Memory 

APDC accesses the external display memory 
via a 16-bit multiplexed address and data bus 
with a 500ns cycle time. Figure 7 shows a 
rudimentary RAM interface circuit and bus 
timing diagram. When APDC accesses the 
display memory, its Address Strobe signal AS 
flags the bus cycle and writes the address 
into the '373 latches. The display RAMs, 
shown in Figure 10 as two 8-bit blocks, are 
enabled with Upper Data Strobe, UDS, and 
Lower Data Strobe, LDS, respectively. (APDC 
never actually fetches a single byte from 
memory; UDS and LDS are always asserted 
together to fetch a 16-bit word.) The Read/ 
Write control signal, R/W, is included for 
completeness although APDC only reads the 
display memory. 


Although the APDC data bus is 16 bits wide, 
the data fetched is often considered to exist 
in terms of bytes and so the byte addressing 
convention is important. The standard adopt- 
ed is that of the 68000 microprocessor where 
the even-numbered bytes exist on the left or 
upper (most significant) part of the bus, as 
shown in Figure 8. The word addresses are 
numerically the same as the upper byte they 
contain — there are no odd-numbered word 
addresses. 


D15 to D8 D7 to DO 


WORD 1FFFE 
1 
BYTE 1FFFE ! BYTE 1FFFF 


Figure 8. APDC's Display Memory 
Word/Byte Organization 
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Warning Time 

Because APDC is a real-time display device, 
it must have direct access to the display 
memory with priority over the controlling 
microprocessor or other peripheral devices. 
To achieve this, APDC issues a Bus Request 
BR signal for the duration of the memory 
access plus a programmable advance warn- 
ing time to allow the microprocessor to com- 
plete its current bus cycle. 


In systems where the microprocessor's bus 
and APDC's bus are intimately connected, (a 
‘connected’ system), BR may be used to 
suspend all microprocessor activity so that 
APDC acts as a dedicated DMA controller. In 
systems where the two buses are separated 
by buffers (‘disconnected' systems), the BR 
signal may be used either to generate an 
interrupt or as a directly testable signal. To 


REGISTER 
- MAP 


UDS A16 to A9 
015 to D8 


these ends, the warning time between the 
assertion of BR and the beginning of APDC's 
bus activity is programmable from 0 to 23us. 


Microprocessor Access to 
APDC's Register Map 


The set of internal registers, when memory- 
mapped, behave as an 8-bit wide RAM con- 
nected to the upper part of APDC's bus (see 
Figure 9). The control signals UDS and R/W 
are reversed to become inputs and the regis- 
ter map is enabled with Register Enable, RE. 
Addresses are input via the lower portion of 
the bus. A Data Transfer Acknowledge signal 
DTACK, is also generated to indicate to the 
microprocessor that data transfer is com- 
plete. 


Figure 10 shows the main data and address 
paths used in a 'connected' 68000 interface. 
The outputs of the '373 latches are only 
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Figure 9. Processor Access to APDC's Internal Register Map 
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Figure 10. 'Connected' 68000 Interface 
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enabled when the 68000 has yielded the bus 
in response to Bus Request, BR. When the 
register map is accessed, data is transferred 
via the upper part of the bus, and the micro- 
processor's low-order address is passed to 
APDC via the '244 buffer. Simultaneously, the 
'245 bidirectional buffer disables the signals 
from the low-order data bus of the 68000. 


The '244 and '245 buffers may be omitted in 
a 16-bit write-only configuration where the 
least-significant data byte is interpreted by 
APDC as an address. Here it will generally be 
necessary for the microprocessor to hold a 
(readable) 'master copy' of APDC's scroll 
map contents at some location in main mem- 
ory. 


8-Bit Microprocessors 

Although the control bus is optimized for the 
68000, APDC will operate with a number of 
widely different industry-standard 8- and 16- 
(or more) bit microprocessors such as 
80(1)88, 68008, 8051, etc. The interfacing of 
8-bit microprocessors to the 16-bit wide dis- 
play memory is simplified by APDC's on-chip 
link-through buffer which provides the micro- 
processor with bidirectional access to the 
lower (odd byte) half of the display RAM. The 
link-through buffer is enabled with Buffer 
Enable, BUFEN, and its Send/Receive direc- 
tion is controlled by S/R which is physically 
the same APDC pin as R/W. 


Figure 11 shows the main data and address 
paths used in a ‘connected’ 8-bit micropro- 
cessor interface. This is very similar to the 
68000 interface but it should be noted that 
the display memory does not receive AO as 
an address, rather AO (when high) is used as 
the major enabling signal for BUFEN. 


Disconnected Systems 

For many applications it may be desirable to 
‘disconnect’ APDC and the display RAM from 
the microprocessor and its ROM, RAM, and 
peripherals. The two parts of the system then 
operate independently and communicate only 
when the microprocessor accesses APDC's 
register map or the display memory. Figure 12 
shows the rudiments of such an 8-bit system; 
it can be seen that the main data and address 
paths are essentially the same as those 
described above, the only difference being 
the addition of a set of isolating buffers. 


Synchronization 

APDC has three synchronization modes. As a 
stand-alone device (in terminal applications 
for example, it can output a composite sync 
signal TCS to the display timebase IC or to a 
monitor. Timing is derived from a 6MHz on- 
chip oscillator with an external crystal as 
shown in Figure 13a. 


APDC can also sync directly to another de- 
vice, such as the TCS signal from the 
SAA5240 teletext IC or another APDC, as 
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Figure 11. 'Connected' 8-Bit Microprocessor Interface 


APOC 


SAA5350 
J REGISTER |. address 
MAP 


LINK 
THROUGH 
BUFFER 


data bus 


address bus 


Figure 12. 'Disconnected' 8-Bit System 
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shown in Figure 13b. APDC's horizontal 
counter is reset by the falling edge of TCS. A 
dead time of 250ns is built-in to avoid reset- 
ting the counter on every TV line, so that 
screen jitter does not occur. Field synchroni- 
zation is achieved with APDC's internal field 
sync separator. 


The third mode is phase-locked slave opera- 
tion, as in Figure 13c. In the SAA5230 video 
input processor IC, an internal phase-locked 
VCO provides a 6MHz clock. When APDC is 
active, its horizontal counter is part of the 
phase control loop; a horizontal reference is 
fed back to the SAA5230 via the SAND pin 
and the vertical reference is generated by 
feeding separated composite sync via the 
VCS pin into APDC's field sync separator. In 
this mode, the display derived from APDC can 
sync with that from a TV source or a local 
VLP (laser disc) player, to allow picture-in-text 
displays, as might be used, for example, in 
the travel industry. 
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Figure 13. Synchronization Modes 
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DYNAMICALLY REDEFINABLE 
CHARACTER SETS (DRCS) 


In a basic alphamosaic system, the shape of 
each character is stored as a dot (pixel) 
pattern within a defined matrix. Since the 
repertoire of possible characters within the 
matrix is finite, simple and inexpensive decod- 
ers can be designed. The use of DRCS, 
however, enormously extends the display 
repertoire. Using DRCS, additional characters 
can be defined by the information provider, 
and then used as part of the character set for 
a specific page or group of pages. The 
additional characters can be used singly, or 
as alphanumerics in a different alphabet, or 
as symbols in time-tables, etc. They can also 
be used in groups to create simple designs 
such as company logos. 
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MAXIMUM NUMBER OF 
CHARACTERS/CHAPTER* 


85 
42 

2 X 85 
85 
42 

2 X 85 

4 85 


BITS/PIXEL 


wow APMO ND — 


In essence DRCS requires the transmission 
of the dot pattern for each character matrix 
and the allocation of a code to that matrix. 
When transmitting a page containing DRCS, 
the DRCS data can be transmitted indepen- 
dently of the page information and stored in 
DRC@S RAM. For display, both the fixed and 
the DRCS character tables are used, depend- 
ing on the character code stored in the page 
memory. 


The DRCS character cell is based on a 12- 
pixel horizontal resolution. When operating 
with 10 lines/row, the following modes, each 
representing different combinations of hori- 
zontal, vertical, and color resolutions, are 
available. 
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Application Note 


AN152 


APDC can also operate in a 6 X 10, 4 bits/ 
pixel mode with a memory organization more 
suited to bit-map implementation. 


When operating with 12 lines/row, fewer 
characters are available per chapter. 


All attributes apply to DRCS in the same 

manner as to normal characters, but for multi- 

color DRCS (that is, the modes with more 

than one data bit per pixel) the following rules 

apply: 

@ The whole character cell is treated as 
foreground color 


@ When the Conceal (or Flash, Invert) 
attribute is used, the background color 
that would otherwise be pertaining is 
displayed 

@ The Underline attribute has no effect 
(the one-bit/pixel DRCS modes are 
underlined as normal alphanumeric 
characters). 


When operating with 2 bits/pixel color DRCS, 
the DCLUT (DRCS Color Look-up Table) is 
used. This behaves as a small RAM that 
maps the four combinations of two bits onto 
any four of the 32 locations in the color map. 


When operating with 4 bits/pixel color DRCS, 
the 16 combinations can be taken either from 
locations 0 to 15 or from locations 16 to 31 of 
the color map depending on the value of a 
register bit. 


The physical organization of APDC's DRCS 
memory is 1K16 (1024 16-bit words) for 
Tables 4 and 5, and a further 1K16 for Tables 
6 and 7. In addition to the page memory 
pointer, two independent memory pointers in 
APDC indicate the beginning of each 1K16 
‘chapter’ of DRCS memory. 
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SAA5350: A Single-Chip CRT Controller 
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STACK CODING 
For full implementation of all the required 
functions in APDC, 32 bits per character 
location are necessary. This means that to 
display a full screen of 25 rows of 40 charac- 
ters, 4kbytes of external memory are re- 
quired — four times the capacity of a basic 
alphamosaic decoder memory, excluding any 
DRCS requirements. 

7 Bits Character Code 

3 Bits Character Table 

5 Bits Foreground Color 

5 Bits Background Color 

5 Bits Flash 
3 Bits Size (D.HT., Top/Bot., D.Width) 
1 Bit Lining (Underline or Mosaic 

Separation) 
1 Bit Conceal 
1 Bit Invert 
1 Bit Window/Box 


32 Bits per character position 


To reduce the amount of memory required, 
attributes in APDC are coded using a Stack 
architecture. Such a system exploits the natu- 
ral redundancy of normal text by allocating 
memory dynamically. It allows the external 
memory to be reduced to 2kbytes per screen. 
This has beneficial side effects; for example, 
it reduces the memory bandwidth for a given 
display, reducing the memory speed required 
or increasing the time available for micropro- 
cessor operations. 


In the stack coding system used in APDC, the 
page memory is divided into character and 
attribute sections, each organized as 40-byte 
groups. The 40 character bytes and 40 attri- 
bute bytes together make up one displayed 
row. 


Each 8-bit byte includes a pointer bit. When 
the pointer bit of a character byte is set, it 
indicates the presence of one or more attri- 
butes set at the same character position. 
When the pointer bit of an attribute byte is 
set, it indicates that there are further attri- 
butes in that group. At the beginning of a row, 
default attributes are set, which are then 
updated by the attribute bytes fetched from 
the stack. 


An example of stack coding is given in the 
Figure. The first three characters of the row 
have clear pointer bits. These characters will 
be taken from the default group of 128 (on- 
chip) characters, and will be displayed white 
on black, normal size, not underlined, etc. 
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character—code, 7 bit 
1 bit 


character memory 


pointer 


pointer 
bit 


attribute—code, 7 bit 


aS 
ic 
5 


MI IULTT TI 


attribute and character 
group memory 
DF06420S 


Example of Dynamic Allocation of Memory Using Coding Stack 


Stack coding used in APDC 
B7 B6 B5 B4- B3 B1 
P 0 0 F4 FS Fe Fi 


P oO 1 B4 B3 B2 BI 
P 1 0 H4 H3 H2 Hf 
Po o4 4 O L 2 T1 
Po 41 14 #4 40 0 G 
P 4° 49 @ 4 oO 
Po o41 4 4 0 4° 1 
P 41 14 4 #4 0 0 
a re ee ee 
rs ee a ee 


vU 
—_ 
—_ 
—_ 
—_ 
— 
— 


The fourth character in the row has its pointer 
bit set, and so the first (or, generally, the next) 
attribute byte is fetched from memory. This 
byte also has its pointer bit set, and so the 
next attribute byte is also fetched, and so on. 


The fourth attribute byte has a clear pointer 
bit indicating that it is the last in the group. 
The next character byte is now fetched. The 
pointer being clear, this character is displayed 
with the same attributes as those set for the 
previous one. 
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BO COMMENTS 


FO Foreground color (PIBGR) 
Transparent = 000000 
Background color (PIBGR) 
Transparent = 00000 

Flash 

Character table and lock bit 
Size. double height and width 
Underline (Lining) 

Invert 

Conceal 

Window/Box 

Marked area 

(not a display attribute) 
Protected area 

(not a display attribute) 


BO 


HO 
TO 


rItz=O-co 


Uv 


The stack system records only the position in 
a row where attribute-changes occur, with no 
restriction upon how many attribute-changes 
apply to any one character. The restriction to 
40 attribute-changes in a row has been care- 
fully studied, and not found in practice to be 
an editorial limitation. 


The actual coding of attributes, a form of 
Huffman coding, is shown below. 


NOTE: 
Previously published as ''Technical Information 
137,'" ELCOMA, October 1984. 


Signetics section 14 
SMPS for TV/Monitor 


Linear Products 


INDEX 
TDA2582 Control Circuit for Power Supplies.................cceeeeseeeeeeeeeeeeeeeaes 14-3 
TEA1039 Control Circuit for Switched-Mode Power Supply ..................000e. 14-12 


March, 1987 


signetics 


Linear Products 


DESCRIPTION 

The TDA2582 is a monolithic integrated 
circuit for controlling power supplies 
which are provided with the drive for the 
horizontal deflection stage. 


FEATURES 


@ Voltage-controlled horizontal 
oscillator 

e Phase detector 

e Duty factor control for the 
negative-going transient of the 
output signal 

e Duty factor increases from zero 
to its normal operation value 

e Adjustable maximum duty factor 

e Overvoltage and overcurrent 
protection with automatic restart 
after switch-off 

e Counting circuit for permanent 
switch-off when n-times 
overcurrent or overvoltage is 
sensed 


ORDERING INFORMATION 


TDA2582 


Control Circuit 
Supplies 


Product Specification 


e Protection for open-reference 
voltage 


e Protection for too-low supply 
voltage 


e Protection against loop faults 


e Positive tracking of duty factor 
and feedback voltage when the 
feedback voltage is smaller than 
the reference voltage minus 1.5V 


@ Normal and ''smooth" remote 
ON/OFF possibility 

APPLICATIONS 

e Video monitors 

e Power supplies 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
16-Pin Plastic DIP (SOT-38) -25°C to +80°C TDA2582N 


ABSOLUTE MAXIMUM RATINGS 


SYMBOL PARAMETER RATING UNIT 


PToT 


Storage temperature -65 to +150 
Operating ambient temperature -25 to +80 
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For Power 


PIN CONFIGURATION 


N Package 


FB PULSE 
POS IN 


REF 

FREQ IN 
RESTART CT 
CAP/RC IN 
SLOW START 
& TRANSFER 


| 9 | POS SUPPLY 


CD12810S 


853-1177 87584 
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BLOCK DIAGRAM 


SET Vo : 
+Vo 


REDUCE LOOP GAIN 


PULSE WIDTH 
MODULATOR 


SLOW START 


& 
CUT OUT 
CIRCUIT 


« i= + x 100% 


OVERVOLTAGE 
COUNTING 
PROTECTION CIRCUIT 


>V. 7 
FOR TRIPON © 


OVERCURRENT PROTECTION 


OPEN-CIRCUIT LOW SUPPLY VOLTAGE 
REFERENCE DIODE PROTECTION 


>8.4V FOR TRIP-ON <9.4V FOR TRIP-ON 


BDO9850S 
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DC ELECTRICAL CHARACTERISTICS Vcc = 12V; Vi0.16 = 6.1V; Ta = 25°C, measured in Figure 3. 


LIMITS 
SYMBOL PARAMETER 


win | ve 


UNIT 


A 


Vo_16 Protection voltage too-low supply voltage | se | 94 | 99 | 
Supply current during protection ee Te eae m 
Minimum required supply current! a ee a m 
[Power consumption SS™C~<“~SC“‘*‘“RSOCSdTSCSCSC*‘idLSCO ms 
Required input signals 
ee 
High reference voltage protection: threshold voltage | 79 | 84 | 89 | ov 
Horizontal reference signal (square-wave or differentiated; 
negative transient is reference) 
V3 - 16(P-P) voltage-driven (peak-to-peak value) tz V 
Iam current-driven (peak value) Lo mA 
+l, switching-level current 100 YA 
Flyback pulse or differential deflection current [| @.f 
-V6-16 Overcurrent protection:? threshold voltage 640 mV 
+V6_46 680 735 mV 
Overvoltage protection: (Vper = Vio — 16) threshold voltage VREF 130| Ver —60 | Vrer -0 mV 


Vente | Romotecontol vetags swisha? SiS 
Vs=16 | “Smoot ence conor ewicnen Si 
| Romote-conrl switch curent——SSSSC*~SC 


Delivered output signals 


Vv Horizontal drive pulse (loaded with a resistor of 56022 to +12V 
11-16(P-P)| peak-to-peak value 


Output current; peak value 


Saturation voltage of output transistor 
VCESAT at 144 = 20mA 
VCESAT at 144 =40mA 


= 


mV 


le 
Tis | Charge cunt for capactor on PS 
rho Sopp caren for reernce 


S 


ee 
on} oO 


$ 


1 
98 +0.8 
1.45 


A 


3 


= =| 


Feedback input impedance Lo 

- 7.9 

5 

-1 

1 
600 
640 

4.5 
11.6 


a 
| 
an 
a 
an 
=) 
_—_ 
| 120 
pt 
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DC ELECTRICAL CHARACTERISTICS (Continued) Voc = 12V; Vi0-16 = 6.1V; Ta = 25°C, measured in Figure 3. 


LIMITS 
SYMBOL PARAMETER UNIT 
_ min | tye | Max 


Oscillator 


a 


Relative frequency deviation for Vi9_16 changing from 5.6 to 
6.6V -1.4 % 


ae Oscillator frequency spread (with fixed external components) a 


Frequency control sensitivity at Pin 15 
fnom = 15.625kHz kHz/V 


Phase control loop 


Loop gain of APC-system (automatic phase control)’ 
Catching range (fnom = 15,625kHz) 


Phase relation between negative transient of sync pulse and 1 
middle of flyback 


Tolerance of phase relation 
NOTES: 


1. This value refers to the minimum required supply current that will start all devices under the following conditions: Vg_ 146 = 10V; Vi9_16 = 6.2V; 
5 = 50%. 

2. Voltage obtained via an external reference diode. Specified voltages do not refer to the nominal voltages of reference diodes. 

3. This spread is inclusive temperature rise of the IC due to warming up. For other ambient temperatures the values must be corrected by using a 
temperature coefficient of typical — 1.85mV/°C. 

4. See application information Pin 4. 

5. See application information Pin 5. tp 

6. The duty factor is specified as follows: 5=— <X 100% (see Figure 1). After switch-on, the duty factor rises gradually from 0% to the steady value. 


The relationship between Vg_ji¢ and the duty factor is given in Figure 6 and the relationship between Vi2_1¢ and the duty factor is shown in 


Figure 8. 
7. For component values, see Block Diagram. 


WF21190S 


Figure 1 


February 12, 1987 14-6 


Signetics Linear Products Product Specification 


Control Circuit For Power Supplies TDA2582 


Voc (+12 V) 


VERT. SYNC 


TDA2576 


/\ JL 


+350V SANDCASTLE 


Figure 2a. Lead 6 (Pin 10) of Circuit TDA2576 Connected to Lead 2 (Pin 14) of Circuit TDA2582 
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HORIZONTAL 
SYNC 


OVER: 
VOLTAGE 
PROTECTION 


rae eae 
3 ) 


1 


CURRENT REMOTE +150V 
PROTECTION SWITCH FEEDBACK 


Figure 2b. Lead 6 (Pin 10) of Circuit TDA2576 Connected to Lead 2 (Pin 14) of Circuit TDA2582 


February 12, 1987 14-8 


Signetics Linear Products Product Specification 


Control Circuit For Power Supplies TDA2582 


T 47 uF 270k ANTI HUM 


DEFLECTION CURRENT 
OR FLYBACK PULSE 


BD09350S 
NOTE: 


1. Values depend on Voc. 
Figure 3. Circuit Diagram 
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APPLICATION INFORMATION 
The function is described beside the corre- 
sponding pin number. 


1 Phase Detector Output — The output 
circuit consists of a bidirectional current source 
which is active for the time that the signal on 
Pin 2 exceeds 1V. 


The current values are chosen such that the 
correct phase relation is obtained when the 
output signal of the TDA2571 is applied to 
Pin 3. 


With a resistor of 2 X 33kQ and a capacitor of 
2.7nF, the control steepness is 0.55V/s (Fig- 
ure 3). 


2 Flyback Pulse Input — The signal applied 
to Pin 2 is normally a flyback pulse with a 
duration of about 12us. However, the phase 
detector system also accepts a signal derived 
by differentiating the deflection current by 
means of a small toroidal core (pulse dura- 
tion > 3yus). 


The toroidal transformer in Figure 4a is for 
obtaining a pulse representing the midflyback 
from the deflection current. The connection of 
the picture phase information is shown in 
Figure 4b. 


3 Reference Frequency Input — The input 
circuit can be driven directly by the square- 
wave output voltage from Pin 8 of the 
TDA2571. 


The negative-going transient switches the cur- 
rent source connected to Pin 1 from positive to 
negative. 


The input circuit is made such that a differenti- 
ated signal of the square-wave from the 
TDA2571 is also accepted (this enables power 
line isolation). The input circuit switching level 
is about 3V and the input impedance is about 
8kQ2. 


4 Restart Count Capacitor/Remote-Con- 
trol Input — 


Counting 

An external capacitor (C4 = 47uF) is connect- 
ed between Pins 4 and 16. This capacitor 
controls the characteristics of the protection 
circuits as follows. 


If the protection circuits are required to oper- 
ate, e.g., overcurrent at Pin 6, the duty factor 
will be set to zero, thus turning off the power 
supply. 


After a short interval (determined by the time 
constant on Pin 5), the power supply will be 
restarted via the slow-start circuit. 


If the fault condition has cleared, then normal 
operation will be resumed. If the fault condi- 
tion is persistent, the duty factor of the pulses 
is again reduced to zero and the protection 
cycle is repeated. 
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TC20760S 


Figure 4 


The number of times this action is repeated 
(n) for a persisting fault condition is now 
determined by: n= C4/C5. 


Remote Control Input 

For this application, the capacitor on Pin 4 
has to be replaced by a resistor with a value 
between 4.7 and 18k{22. When the externally- 
applied voltage V4.16 > 5.6V, the circuit 
switches off; switching on occurs when 
V4.16 < 4.5V and the normal starting-up pro- 
cedure is followed. Pin 4 is internally connect- 
ed to an emitter-follower, with an emitter 
voltage of 1.5V. 


5 Slow-Start and Transfer Characteristics 
for Low Feedback Voitage — 


Slow-Start 

An external shunt capacitor (C5 = 4.7uF) and 
resistor (R5 = 270kQ22) are connected be- 
tween Pins 5 and 16. The network controls 
the rate at which the duty factor increases 
from zero to its steady-state value after 
switch-on. It provides protection against 
surges in the power transistor. 


Transfer Characteristic for Low 
Feedback Voltages 

The duty factor transfer characteristic for low 
feedback voltages can be influenced by R85. 


The transfer for three different resistor values 
is given in Figure 6. 


‘Smooth' Remote ON/OFF 

The ON/OFF information should be applied 
to Pin 5 via a high-ohmic resistor; a high OFF- 
level gives a slow rising voltage at Pin 5, 
which results in a slowly decreasing duty 
factor. 


6 Overcurrent Protection Input — A volt- 
age proportional to the current in the power 
switching device is applied to the integrated 
circuit between Pins 6 and 16. The circuit trips 
on both positive and negative polarity. When 
the tripping level is reached, the output pulse 
is immediately blocked and the starting circuit 
is activated again. 
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7 Over voltage Protection Input — When the 
voltage applied to this pin exceeds the thresh- 
old level, the protection circuit will operate. 


The tripping level is about the same as the 
reference voltage on Pin 10. 


8 Feedback Voltage Input — The control 
loop input is applied to Pin 8. This pin is 
internally connected to one input of a differ- 
ential amplifier, functioning as an amplitude 
comparator, the other input of which is con- 
nected to the reference source on Pin 10. 


Under normal operating conditions, the volt- 
age on Pin 8 will be about equal to the 
reference voltage on Pin 10. For further 
information refer to Figures 6 and 7. 


9 12V Positive Supply — The maximum 
voltage that may be applied is 14V. Where 
this is derived from an unstabilized supply rail, 
a regulator diode (12V) should be connected 
between Pins 9 and 16 to ensure that the 
maximum voltage does not exceed 14V. 
When the voltage on this pin falls below a 
minimum of 8.6V (typically 9.4V), the protec- 
tion circuit will switch off the power supply. 


10 Reference Input — An external refer- 
ence diode must be connected between this 
pin and Pin 16. 


The reference voltage must be between 5.6 
and 6.6V. The IC delivers about 1mA into the 
external regulator diode. When the external 
load on the regulator diode approaches this 
current, replenishment of the current can be 
obtained by connecting a suitable resistor 
between Pins 9 and 10. A higher reference- 
voltage value up to 7.5V is allowed when use is 
made of a duty factor limiting resistor < 27kQ 
between Pins 12 and 16. 


11 Output — An external resistor determines 
the output current fed into the base of the 
driver transistor. The output circuit uses an 
NPN transistor with 3 series-connected clamp- 
ing diodes to the internal 12V supply rail. This 
provides a low-impedance in the ''ON"' state, 
that is, with the drive transistor turned off. 
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12 Maximum Duty-Factor Adjustment/ 
Smoothing 


Maximum Duty-Factor Adjustment 

Pin 12 is connected to the output voltage of 
the amplitude comparator (Vj9—g). This volt- 
age is internally connected to one input of a 
differential amplifier, the other input of which 
is connected to the sawtooth voltage of the 
horizontal oscillator. A high voltage on Pin 12 
results in a low duty factor. This enables the 
maximum duty factor to be adjusted by limit- 
ing the voltage by connecting Pin 12 to the 
emitter of an NPN transistor used as a 
voltage source. 


Figure 8 plots the maximum duty factor as a 
function of the voltage applied to Pin 12. If 
some spread is acceptable, the maximum 
duty factor can also be limited by connecting 


a resistor from Pin 12 to Pin 16. A resistor of 
12kQ. limits the maximum duty factor to about 
50%. This application also reduces the total 
IC gain. 


Smoothing 

Any double pulsing of the IC due to circuit 
layout can be suppressed by connecting a 
capacitor of about 470pF between Pins 12 
and 16. 


13 Oscillator Timing Network — The timing 
network comprises a capacitor between Pins 
13 and 16, and a resistor between Pin 13 and 
the reference voltage on Pin 10. 


The charging current for the capacitor (C13) 
is derived from the voltage reference diode 
connected to Pin 10 and discharged via an 
internal resistor of about 3302. 


one 
BEAERERSRARRERERE LS 
SRE RERERERERE AS. CE LA 

GAD SaRaw 


14 Reactance-Stage Reference Voltage — 
This pin is connected to an emitter-follower 
which determines the nominal reference volt- 
age for the reactance stage (1.4V for refer- 
ence voltage Vi9_16 =6.1V). Free-running 
frequency is obtained when Pins 14 and 15 
are short-circuited. 


15 Reactance-Stage Input — The output 
voltage of the phase detector (Pin 1) is 
connected to Pin 15 via a resistor. The 
voltage applied to Pin 15 shifts the upper 
level of the voltage sensor of the oscillator, 
thus changing the oscillator frequency and 
phase. The time-constant network is connect- 
ed between Pins 14 and 15. Control sensitivi- 
ty is typically 5kHz/V. 

16 Negative Supply (Ground) 


erin 
SSS00 40 4) RGR RRReSiSeee 
Tr het 
Pasceaaeustinsae 
erty 12"? ty 
Seceneeeen enn 


Sa7.a4u/7.8 


Figure 5. Duty Factor Change as a Function of Initial 
Duty Factor; at imV Error Amplifier Input Change; 


a 
Le SERRE SERRE SRRARA ERS ELAR RSRR ERE BREE 
0 2 4 


Figure 6. Duty Factor of Output Pulses as a Function of 
Feedback Input Voltage (Vs.i¢) With R5 as a Parameter 


AVs-10(P-P) = 1mV and V42.1g aS a Limiting Value; V49.14¢ = 6.1V 


SH 


a CT ty 
EEE ETE 
ie 


0 


—50 50 Ve_ 19 (mv) 100 2 4 Vi2-16(V) & 


OP19550S OP19570S 


Figure 7. Duty Factor of Output Pulses as a Function of 
Error Amplifier Input (Vg-49); Vio-16 = 6.1V 


Figure 8. Maximum Duty Factor Limitation as a Function 
of the Voltage Applied to Pin 12; Vio-i1¢g = 6.1V 
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DESCRIPTION 


The TEA1039 is a bipolar integrated 
Circuit intended for the control of a 
switched-mode power supply. Together 
with an external error amplifier and a 
voltage regulator (e.g., a regulator diode) 
it forms a complete control system. The 
circuit is capable of directly driving the 
SMPS power transistor in small SMPS 
systems. 


ORDERING INFORMATION 


DESCRIPTION TEMPERATURE RANGE ORDER CODE 
9-Pin Plastic SIP -25°C to +125°C TEA1039U 


November 14, 1986 


TEA1039 


Control Circuit for Switchead- 
Mode Power Supply 


Product Specification 


FEATURES 
e Wide frequency range 
e Adjustable input sensitivity 


e Adjustable minimum frequency or 
maximum duty factor limit 


e Adjustable overcurrent protection 
limit 

e Supply voltage out-of-range 
protection 

e Slow-start facility 


APPLICATIONS 

e Home appliances 

e Frequency regulation 
e Flyback converters 
e Forward converters 


PIN CONFIGURATION 
U Package 


11)CM 
| 2) LIM 


TOP VIEW 
CD10370S 
DESCRIPTION 

Overcurrent protection input 
Limit setting input 
Feedback input 
External resistor connection 
External capacitor connection 
Mode input 
Common 
Output 
Positive supply connection 


ODOOnNO OA WN — 
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BLOCK DIAGRAM 


Voc OUT OF RANGE 


VOLTAGE 
SAWTOOTH . AND 
GENERATOR ‘ CURRENT 
i STABILIZER 


ABSOLUTE MAXIMUM RATINGS 


1 | np eurenrange, at npuis | -5w +5 | ma 


Output current range 
Ig output transistor ON 0 to 1 A 
output transistor OFF -100 to +50 mA 


Ig 
Storage temperature range -65 to +150 


100 125 
Ta Operating ambient temperature range -25 to +125 °C T, (°C) 
(see Figure 1) opor7008 


Power dissipation (see Figure 1) | omax.2 | WW Figure 1. Power Derating Curve 
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DC ELECTRICAL CHARACTERISTICS Vcc = 14, Ta = 25°C, unless otherwise specified. 


Supply Vcc (Pin 9) 


Supply current 
loc at Voc = 11V 
loc at Voc = 20V 12 


variation with temperature %/°C 


-0.3 
Supply voltage, internally limited 
Voc at Ioc = 30MA V 
AVcc/ AT variation with temperature mV/°C 
Vocmin Low supply threshold voltage 10 11 V 
AVoc/ AT variation with temperature -5 mvV/°C 
Vocmax High supply threshold voltage 23 V 
AVcoc/ AT variation with temperature 10 mV/°C 
Feedback input FB (Pin 3) 
Input voltage for duty factor = Vv 
M input open 


0, 
Limit setting input LIM (Pin 2) 

[ver | Tweshodwotage—SCSSSSSCdSCT 

NS Er A 8 A 


Overcurrent protection input CM (Pin 1) 


Vi7 Threshold voltage 370 mV 
AV; 7/AT variation with temperature <M 2 <a 
Propagation delay, CM input to output 


Oscillator connections RX and CX (Pins 4 and 5) 


Voltage at RX connection 
V47 at -l4=0.15 to 1mA 7.2 
a 7/AT variation with temperature 2.1 _— 


Vv Threshold voltage for output H to L transition in F Vv 
a mode 


Internal capacitor charging current, CX connection 0.25 Ipx ep 


Oscillator frequency (output pulse repetition 
frequency) 


Minimum frequency in F mode, 
initial deviation 
variation with temperature 


Maximum frequency in F mode, 
initial deviation 


variation with temperature 
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DC ELECTRICAL CHARACTERISTICS (Continued) Voc = 14, a unless otherwise specified. 


initial deviation 


initial deviation 


Output LOW time in F mode, 


variation with temperature 


Pulse repetition frequency in D mode, 


variation with temperature 


Minimum output LOW time in D mode 


at Cs = 3.6nF 


variation with temperature 


Output Q (Pin 8) 


FUNCTIONAL DESCRIPTION 

The TEA1039 produces pulses to drive the 
transistor in a switched-mode power supply. 
These pulses may be varied either in frequen- 
cy (frequency regulation mode) or in width 
(duty factor regulation mode). 


The usual arrangement is such that the tran- 
sistor in the SMPS is ON when the output of 
the TEA1039 is HIGH, i.e., when the open- 
collector output transistor is OFF. The duty 
factor of the SMPS is the time that the output 
of the TEA1039 is HIGH divided by the pulse 
repetition time. 


Supply Vcc (Pin 9) 

The circuit is usually supplied from the SMPS 
that it regulates. It may be supplied either 
from its primary DC voltage or from its output 
voltage. In the latter case an auxiliary starting 
supply is necessary. 


The circuit has an internal Vcc out-of-range 
protection. In the frequency regulation mode 
the oscillator is stopped; in the duty factor 
regulation mode the duty factor is made zero. 
When the supply voltage returns within its 
range, the circuit is started with the slow-start 
procedure. 


When the circuit is supplied from the SMPS 
itself, the out-of-range protection also pro- 
vides an effective protection against any 
interruption in the feedback loop. 


Mode Input M (Pin 6) 

The circuit works in the frequency regulation 
mode when the mode input M is connected to 
ground (Vee, Pin 7). In this mode the circuit 
produces output pulses of a constant width 
but with a variable pulse repetition time. 


The circuit works in the duty factor regulation 
mode when the mode input M is left open. In 
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Vg 7 Output voltage LOW at Ig = 100mA V 
AVg 7/AT variation with temperature mV/°C 
Vg 7 Output voltage LOW at Ilg=1A 1.7 V 
AVg 7/AT variation with temperature -1.4 mV/°C 


this mode the circuit produces output pulses 
with a variable width but with a constant pulse 
repetition time. 


Oscillator Resistor and 
Capacitor Connections RX and 
CX (Pins 4 and 5) 


The output pulse repetition frequency is set 
by an oscillator whose frequency is deter- 
mined by an external capacitor C5 connected 
between the CX connection (Pin 5) and 
ground (Veg, Pin 7), and an external resistor 
R4 connected between the RX connection 
(Pin 4) and ground. The capacitor C5 is 
charged by an internal current source, whose 
current level is determined by the resistor R4. 
In the frequency regulation mode these two 
external components determine the minimum 
frequency; in the duty factor regulation mode 
they determine the working frequency (see 
Figure 2). The output pulse repetition fre- 
quency varies less than 1% with the supply 
voltage over the supply voltage range. 


In the frequency regulation mode the output 
is LOW from the start of the cycle until the 
voltage on the capacitor reaches 2V. The 
capacitor is further charged until its voltage 
reaches the voltage on either the feedback 
input FB or the limit setting input LIM, provid- 
ed it has exceeded 2.2V. As soon as the 
capacitor voltage reaches 5.9V the capacitor 
is discharged rapidly to 1.3V and a new cycle 
is initiated (see Figures 3 and 4). 


For voltages on the FB and LIM inputs lower 
than 2.2V, the capacitor is charged until this 
voltage is reached; this sets an internal maxi- 
mum frequency limit. 


In the duty factor regulation mode the capaci- 
tor is charged from 1.3V to 5.9V and dis- 
charged again at a constant rate. The output 
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is HIGH until the voltage on the capacitor 
exceeds the voltage on the feedback input 
FB; it becomes HIGH again after discharge of 
the capacitor (see Figures 5 and 6). An 
internal maximum limit is set to the duty factor 
of the SMPS by the discharging time of the 
capacitor. 


Feedback Input FB (Pin 3) 

The feedback input compares the input cur- 
rent with an internal current source whose 
current level is set by the external resistor R4. 
In the frequency regulation mode, the higher 
the voltage on the FB input, the longer the 
external capacitor C5 is charged, and the 
lower the frequency will be. In the duty factor 
regulation mode external capacitor C5 is 
charged and discharged at a constant rate, 
the voltage on the FB input now determines 
the moment that the output will become 
LOW. The higher the voltage on the FB input, 
the longer the output remains HIGH, and the 
higher the duty factor of the SMPS. 


Limit Setting Input LIM (Pin 2) 
In the frequency regulation mode this input 
sets the minimum frequency, in the duty 
factor regulation mode it sets the maximum 
duty factor of the SMPS. The limit is set by an 
external resistor R2 connected from the LIM 
input to ground (Pin 7) and by an internal 
current source, whose current level is deter- 
mined by external resistor R4. 


A slow-start procedure is obtained by con- 
necting a capacitor between the LIM input 
and ground. In the frequency regulation mode 
the frequency slowly decreases from fryax to 
the working frequency. In the duty factor 
regulation mode the duty factor slowly in- 
creases from zero to the working duty factor. 
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Overcurrent Protection Input 


CM (Pin 1) 

A voltage on the CM input exceeding 0.37V 
Causes an immediate termination of the out- 
put pulse. In the duty factor regulation mode 
the circuit starts again with the slow-start 
procedure. 


Output Q (Pin 8) 

The output is an open-collector NPN transis- 
tor, only capable of sinking current. It requires 
an external resistor to drive an NPN transistor 
in the SMPS (see Figures 7 and 8). 


be ee 


R4 (Ka) 


OP07721S 


Figure 2. Minimum Pulse Repetition Frequency in the Frequency Regulation Mode, 
and Working Pulse Repetition Frequency in the Duty Factor Regulation Mode, 
as a Function of External Resistor R4 Connected Between RX and Ground with 
External Capacitor C5 Connected Between CX and Ground as a Parameter 
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The output is protected by two diodes, one to 
ground and one to the supply. 


At high output currents the dissipation in the 
output transistor may necessitate a heatsink. 
See the power derating curve (Figure 1). 
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R4 (k) 
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NOTES: 

a. The voltages on inputs FB or LIM are between 2.2V and 5.9V. The circuit is in its normal regulation mode. 
b. The voltage on input FB or input LIM is lower than 2.2V. The circuit works at its maximum frequency. 

c. The voltages on inputs FB and LIM are higher than 5.9V. The circuit works at its minimum frequency. 


OP07710S 


Figure 4. Minimum Output Pulse 
Repetition Time tyin (Curves a) and 
Minimum Output LOW Time to._min 
(Curves b) in the Frequency Regulation 
Mode as a Function of External 
Resistor R4 Connected Between 
RX and Ground with External 
Capacitor C5 Connected Between 
CX and Ground as a Parameter 


Figure 3. Timing Diagram for the Frequency Regulation Mode Showing the 
Voltage on External Capacitor C5 Connected between CX and Ground and 
the Output Voltage as a Function of Time for 
Three Combinations of Input Signals 


a 
= 

& 
a) 


WF17000S 


NOTES: 
a. The voltages on inputs FB or LIM are below 5.9V. The circuit is in its normal regulation range. 


b. The voltages on inputs FB and LIM are higher than 5.9V. The circuit produces its minimum output LOW time, giving 
the maximum duty factor of the SMPS. 


Figure 6. Minimum Output LOW Time 
toLmin in the Duty Factor Regulation 
Mode as a Function of External 
Capacitor C5 Connected Between CX 
and Ground. In This Mode the 
Minimum Output LOW Time is 
Independent of R4 for Values 
of R4 Between 4k{2 and 80k22 


Figure 5. Timing Diagram for the Duty Factor Regulation Mode Showing the 
Voltage on External Capacitor C5 Connected Between CX and Ground and the 
Output Voltage as a Function of Time for Two Combinations of Input Signals 
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NOTE: 
An Optocoupler CNX62 is Used for Voltage Separation. 


Figure 7. Typical Application of the TEA1039 in a Variable-Frequency Flyback Converter Switched-Mode Power Supply 
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NOTE: 
An Optocoupler CNX62 is Used for Voltage Separation. 


Figure 8. Typical Application of the TEA21039 in a Fixed-Frequency Variable Duty Factor Forward Converter 
Switched-Mode Power Supply 
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INTRODUCTION 

SMD technology embodies a totally new au- 
tomated circuit assembly process using a 
new generation of electronic components: 
surface-mounted devices (SMDs). Smaller 
than conventional components, SMDs are 
placed onto the surface of the substrate, not 
through it like leaded components. And from 
this, the fundamental difference between 
SMD assembly and conventional through- 
hole component assembly arises; SMD com- 
ponent positioning is relative, not absolute. 


When a through-hole (leaded) component is 
inserted into a PCB, either the leads go 
through the holes, or they don't. An SMD, 
however, is placed onto the substrate sur- 
face, its position only relative to the solder- 
lands, and placement accuracy is therefore 
influenced by variations in the substrate track 
pattern, component size, and placement ma- 
chine accuracy. 


Other factors influence the layout of SMD 
substrates. For example, will the board be a 
mixed-print (a combination of through-hole 
components and SMDs) or an all-SMD de- 
sign? Will SMDs be on one side of the 
substrate or both? And there are process 
considerations, such as: what type of ma- 
chine will place the components and how will 
they be soldered? 


Using our expertise in the world of SMD 
technology, this section draws upon applied 
research in the area of substrate design and 
manufacture, and presents the basic guide- 
lines to assist the designer in making the 
transition from conventional through-hole 
PCB assembly to SMD substrate manufac- 
ture. 


Designing With SMD 

SMD technology is penetrating rapidly into all 
areas of modern electronic equipment manu- 
facture — in professional, industrial, and con- 
sumer applications. Boards are made with 
conventional print-and-etch PCBs, multilayer 
boards with thick film ceramic substrates, and 
with a host of new materials specially devel- 
oped for SMD assembly. 


However, before substrate layout can be 
attempted, footprints for all components must 
be defined. Such a footprint will include the 
combination of patterns for the copper sold- 
erlands, the solder resist, and, possibly, the 
solder paste. So the design of a substrate 
breaks down into two distinct areas: the SMD 
footprint definition, and the layout and track 
routing for SMDs on the substrate. 
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Each of these areas is treated individually; 
first, the general aspects of SMD technology, 
including substrate configurations, placement 
machines, and soldering techniques, are dis- 
cussed. 


Substrate Configurations 
SMD substrate assembly configurations are 
Classified as: 


Type | — Total surface mount (all-SMD); 
substrates with no through-hole components 
at all. SMDs of all types (SM _ integrated 
circuits, discrete semiconductors, and pas- 
sive devices) can be mounted either on one 
side, or both sides, of the substrate. See 
Figure 1a. 


Type Il1A — Double-sided mixed-print; sub- 
strates with both through-hole components 
and SMDs of all types on the top, and smaller 
SMDs (transistors and passives) on the bot- 
tom. See Figure 1b. 


Type IIB — Underside attachment mixed- 
print; the top of the substrate is dedicated 
exclusively to through-hole components, with 
smaller SMDs (transistor and passives) on 
the bottom. See Figure 1c. 


Although the all-SMD substrate will ultimately 
be the cheapest and smallest variation as 
there are no through-hole components, it's 
the mixed-print substrate that many manufac- 
turers will be looking to in the immediate 
future, for this technique enjoys most of the 
advantages of SMD assembly and over- 
comes the problem of non-availability of 
some components in surface-mounted form. 


The underside attachment variation of the 
mixed-print (type !IB — which can be thought 
of as a conventional through-hole assembly 
with SMDs on the solder side) has the added 
advantages of only requiring a single-sided, 
print-and-etch PCB and of using the estab- 
lished wave soldering technique. The all-SMD 
and mixed-print assembly with SMDs on both 
sides require reflow or combination wave/ 
reflow soldering, and, in most cases, a dou- 
ble-sided or multilayer substrate. 


The relatively small size of most SMD assem- 
blies compared with equivalent through-hole 
designs means that circuits can often be 
repeated several times on a single substrate. 
This multiple-circuit substrate technique 
(shown in Figure 2) further increases produc- 
tion efficiency. 
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a. Type |— Total Surface-Mount 
(all-SMD) Substrates 


DFO7080S 


b. Type Il[A — Mixed-Print 
(Double-Sided) Substrate 


DFO7090S 


c. Type IIB — Mixed-Print (Underside 
Attachment) Substrate 


Figure 1 


Figure 2. Multiple-Circuit Substrate 


Mixed Prints 

The possibility of using a partitioned design 
should be investigated when considering the 
mixed-print substrate option. For this, part of 
the circuit would be an all-SMD substrate, and 
the remainder a conventional through-hole 
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PCB or mixed-print substrate. This allows the 
circuit to be broken down into, for example, 
high and low power sections, or high and low 
frequency sections. 


Automated SMD Placement 


Machines 

The selection of automated SMD placement 
machines for manufacturing requirements is 
an issue reaching far beyond the scope of 
this section. However, as a guide, the four 
main placement techniques are outlined. 
They are: 


In-Line Placement — a system with a series 
of dedicated pick-and-place units, each plac- 
ing a single SMD in a preset position on the 
substrate. Generally used for small circuits 
with few components. See Figure 3a. 


Sequential Placement — a single pick-and- 
place unit sequentially places SMDs onto the 
substrate. The substrate is positioned below 
the pick-and-place unit using a computer- 
controlled X-Y moving table (a ''software 
programmable'' machine). See Figure 3b. 


Simultaneous Placement — places all 
SMDs in a single operation. A placement 
module (or station), with a number of pick- 
and-place units, takes an array of SMDs from 
the packaging medium and simultaneously 
places them on the substrate. The pick and 
place units are guided to their substrate 
location by a program plate (a ‘hardware 
programmable'"' machine), or by software- 
controlled X-Y movement of substrate and/or 
pick-and-place units. See Figure 3c. 


Sequential/Simultaneous Placement — a 
complete array of SMDs is transferred in a 
single operation, but the pick-and-place units 
within each placement module can place all 
devices simultaneously, or individually (se- 
quentially). Positioning of the SMDs is soft- 
ware-controlled by moving the substrate on 
an X-Y moving table, by X-Y movement of the 
pick-and-place units, or by a combination of 
both. See Figure 3d. 


All four techniques, although differing in de- 
tail, use the same two basic steps: picking the 
SMD from the packaging medium (tape, mag- 
azine, or hopper) and placing it on the sub- 
strate. In all cases, the exact location of each 
SMD must be programmed into the automat- 
ed placement machine. 


Soldering Techniques 

The SMD-populated substrate is soldered by 
conventional wave soldering, reflow solder- 
ing, or a combination of both wave and reflow 
soldering. These techniques are covered at 
length in another publication entitled SMD 
Soldering Techniques, but, briefly, they can 
be described as follows: 


Wave Soldering — the conventional method 
of soldering through-hole component assem- 
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a. In-line Placement 


DFO7120S 


c. Simultaneous Placement 


0F07130S 


DF07140S 


d. Sequential/Simultaneous Placement 


Figure 3 


blies where the substrate passes over a wave 
(or more often, two waves) of molten solder. 
This technique is favored for mixed-print as- 
semblies with through-hole components on 
the top of the substrate, and SMDs on the 
bottom. 


Reflow Soldering — a technique originally 
developed for thick-film hybrid circuits using a 
solder paste or cream (a suspension of fine 
solder particles in a sticky resin-flux base) 
applied to the substrate which, after compo- 
nent placement, is heated and causes the 
solder to melt and coalesce. This method is 
predominantly used for Type | (all-SMD) as- 
semblies. 


Combination Wave/Reflow Soldering — a 
sequential process using both the foregoing 
techniques to overcome the problems of 
soldering a double-sided mixed-print sub- 
strate with SMDs and through-hole compo- 
nents on the top, and SMDs only on the 
bottom. (Type IIB). 


Footprint Definition 

An SMD footprint, as shown in Figure 4, 
consists of: 

®@ A pattern for the (copper) solderlands 


®@ A pattern for the solder resist 
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@ If applicable, a pattern for the solder 
cream. 


The design for the footprint can be represent- 
ed as a set of nominal coordinates and 
dimensions. In practice, the actual coordi- 
nates of each pattern will be distributed 
around these nominal values due to position- 
ing and processing tolerances. Therefore, the 
coordinates are stochastic; the actual values 
form a probability distribution, with a mean 
value (the nominal value) and a standard 
deviation. 


The coordinates of the SMD are also sto- 
chastic. This is due to the tolerances of the 
actual component dimensions and the posi- 
tional errors of the automated placement 
machine. 


The relative positions of solderland, solder 

resist pattern, and SMD, are not arbitrary. A 

number of requirements may be formulated 

concerning clearances and overlaps. These 

include: 

® Limiting factors in the production of the 
patterns (for example, the spacing 
between solderlands or tracks has a 
minimum value) 
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SOLDER 


LAND 


DFO7150S 


Figure 4. Component Lead, Solder 
Land, Solder Resist, and Solder 
Cream ''Footprint'' 


@ Requirements concerning the soldering 
process (for example, the solderlands 
must be free of solder resist) 


@ Requirements concerning the quality of 
the solder joint (for example, the 
solderland must protrude from the SMD 
metallization to allow an appropriate 
solder meniscus) 


Mathematical elaboration of these require- 
ments and substitution of values for all toler- 
ances and other parameters lead to a set of 
inequalities that have to be solved simulta- 
neously. To do this manually using worst- 
case design is not considered realistic. A 
better approach is to use a Statistical analy- 
sis; although this requires a complex comput- 
er program, it can be done. 


Such an approach may deliver more than one 

solution, and, if this is so, then the optimal 

solution must be determined. Optimization is 

achieved by setting the following objective — 

find the solution that: 

@ Minimizes the area occupied by the 
footprint 


SUBSTRATE 
DIRECTION 


SOLDER LANDS 


@ Maximizes the number of tracks 
between adjacent solderlands. 


The final SMD footprint design also depends 
on the soldering process to be used. The 
requirements for a wave-soldered substrate 
differ from those for a reflow-soldered sub- 
strate, so each is discussed individually. 


Footprints for Wave Soldering 

To determine the footprint of an SMD for a 

wave-soldered substrate, consider four main 

interactive factors: 

@ The component dimensions plus 
tolerances — determined by the 
component manufacturer 


@ The substrate metallization — positional 
tolerance of the solderland with respect 
to a reference point on the substrate 


® The solder resist — positional tolerance 
of the solder resist pattern with respect 
to the same reference point 


® The placement tolerance — the ability of 
an automated placement machine to 
accurately position the SMD on the 
substrate. 


The coordinates of patterns and SMDs have 
to meet a number of requirements. Some of 
these have a general validity (the minimum 
overlap of SMD metallization and solderland) 
and available space for solder meniscus. 
Others are specifically required to allow suc- 
cessful wave soldering. One has to take into 
account factors like the ''shadow effect'' 
(missing of joints due to high component 
bodies), the risk of solder bridging, and the 
available space for a dot of adhesive. 


The "Shadow Effect"’ 

In wave soldering, the way in which the 
substrate addresses the wave is important. 
Unlike wave soldering of conventional printed 
boards where there are no component bodies 
to restrict the wave's freedom to traverse 
across the whole surface, wave soldering of 
SMD substrates is inhibited by the presence 
of SMDs on the solder-side of the board. The 
solder is forced around and over the SMDs as 
shown in Figure 5a, and the surface tension 


EXTENDED 
SOLDER LANDS 


ADHESIVE 


SOLDER FLOW 


a. Surface Tension Can Prevent the Molten Solder 


DFO7160S 


From Reaching the Downstream End of the SMD, 
Known as the ''Shadow Effect'’ 
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of the molten solder prevents its reaching the 
far end of the component, resulting in a dry- 
joint downstream of the solder flow. This is 
known as the ''shadow effect." 


The shadow effect becomes critical with high 
component bodies. However, wetting of the 
solderlands during wave soldering can be 
improved by enlarging each land as shown in 
Figure 5b. The extended substrate metalliza- 
tion makes contact with the solder and allows 
it to flow back and around the component 
metallization to form the joint. 


The use of the dual-wave soldering technique 
also partially alleviates this problem because 
the first, turbulent wave has sufficient upward 
pressure to force solder onto the component 
metallization, and the second, smooth wave 
"washes" the substrate to form good fillets of 
solder. Similarly, oil on the surface of the 
solder wave lowers the surface tension, 
(which lessens the shadow effect), but this 
technique introduces problems of contami- 
nants in the solder when the oil decomposes. 


Footprint Orientation 

The orientation of SO (small outline) and VSO 
(very small outline) ICs is critical on wave- 
soldered substrates for the prevention of 
solder bridge formation. Optimum solder pen- 
etration is achieved when the central axis of 
the IC is parallel to the flow of solder as 
shown in Figure 6a. The SO package may 
also be transversely oriented, as shown in 
Figure 6b, but this is totally unacceptable for 
the VSO package. 


Solder Thieves 

Even with parallel mounted SO and VSO 
packages, solder bridges have a tendency to 
form on the leads downstream of the solder 
flow. The use of solder thieves (small squares 
of substrate metallization), shown in Figure 7 
for a 40-pin VSO, further reduces the likeli- 
hood of solder-bridge formation. 
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b. Extending the Solder Lands to Overcome the 
Shadow Effect 
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a. Parallel Orientation for SO 
and VSO Packages 


CD12690S 


b. Transverse Orientation for 
SO Packages Only 


Figure 6 
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Figure 7. Example of Solder Thieves 
for VSO-40 Footprints (Dims in mm) 


SOLDER 
LANDS 
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Figure 8. Misaligned Placement of SO 
Package Increases the Possibility of 
Solder Bridging 


Placement inaccuracy 

Another major cause of solder bridges on SO 
ICs and plastic leaded chip carriers (PLCCs) 
is a slight misalignment as shown in Figure 8. 
The close spacing of the leads on these 
devices means that any inaccuracy in place- 
ment drastically reduces the space between 
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adjacent pins and solderlands, thus increas- 
ing the chance of solder bridges forming. 


Dummy Tracks for Adhesive 
Application 

For wave soldering, an adhesive to affix 
components to the substrate is required. This 
is necessary to hold the SMDs in place 
between the placement operation and the 
soldering process (this technique is covered 
at length in another publication entitled Adhe- 
sive Application and Curing). 


The amount of adhesive applied is critical for 
two reasons: first, the adhesive dot must be 
high enough to reach the SMD, and, second, 
there mustn't be too much adhesive which 
could foul the solderland and prevent the 
formation of a solder joint. The three parame- 
ters governing the height of the adhesive dot 
are shown in Figure 9. Although this diagram 
illustrates that the minimum requirement is 
C>A+B, in practice, C > 2(A + B) is more 
realistic for the formation of a good strong 
bond. 


Taking these parameters in turn, the sub- 
strate metallization height (A) can range from 
about 35um for a normal print-and-etch PCB 
to 135um for a plated through-hole board. 
And the component metallization height (B) 
(on 1206-size passive devices, for example) 
may differ by several tens of microns. There- 
fore, A+B can vary considerably, but it is 
desirable to keep the dot height (C) constant 
for any one substrate. 


The solution to this apparent problem is to 
route a track under the device as shown in 
Figure 10. This will eliminate the substrate 
metallization height (A) from the adhesive 
dot-height criteria. Quite often, the high com- 
ponent density of SMD substrates necessi- 
tates the routing of tracks between solder- 
lands, and, where it does not, a short dummy 
track should be introduced. 
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For bonding small outline (SO) ICs to the 
substrate, two dots of adhesive are sufficient 
for SO-8, -14, and -16 packages, but the SOL- 
20, -24, -28, and VSO-40 packages need 
three dots. The through-tracks (or dummy 
tracks) must be positioned beneath the IC 
accordingly to support the adhesive dots. 


METALLIZATION 
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t ADHESIVE DOT 
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DF07200S 


A = Substrate metallization height 
B=SMD metallization height 
C = Height of adhesive dot 


Figure 9. Adhesive Dot Height Criteria 


Footprints for Reflow Soldering 
To determine the footprint of an SMD for a 
reflow-soldered substrate, there are now five 
interactive factors to consider: the four that 
affect the wave solder footprints (although 
the solder resist may be omitted), plus an 
additional factor relating to the solder cream 
application (the positional tolerance of the 
screen-printed solder cream with respect to 
the solderlands). 


Solder Cream Application 

In reflow soldering, the solder cream (or 
paste) is applied by pressure syringe dispens- 
ing or by screen printing. For industrial pur- 
poses, screen printing is the favored tech- 
nique because it is much faster than dispens- 
ing. 

Screen Printing 

A stainless steel mesh coated with emulsion 
(except for the solderland pattern where 
cream is required) is placed over the sub- 
strate. A squeegee passes across the screen 
and forces solder cream through the uncoat- 
ed areas of the mesh and onto the solder- 
land. As a result, dots of solder cream of a 
given height and density (in mg/mm?) are 
produced. 


There is an optimum amount of solder cream 
for each joint. For example, the solder cream 
requirements for the C1206 SM capacitor are 
around 1.5mg per end; the SO IC requires 
between 0.5 and 0.75mg per lead. 


The solder cream density, combined with the 
required amount of solder, makes a demand 
upon the area of the solderland (in mm?). The 
footprint dimensions for the solder cream 
pattern are typically identical to those for the 
solderlands. 
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Figure 10. Through-Track or Dummy 
Track to Modify Dot Height Criteria 


Floating 

One phenomenon sometimes observed on 
reflow-soldered substrates is that known as 
floating’ (or ''swimming''). This occurs 
when the solder paste reflows, and the force 
exerted by the surface tension of the now 
molten solder "'pulls'' the SMD to the center 
of the solderland. 


When the solder reflows at both ends simulta- 
neously, the swimming phenomenon results 
in the SMD self-centering on the footprint as 
the forces of surface tension fight for equilibri- 
um. Although this effect can remove minor 
positional errors, it's not a dependable fea- 
ture and cannot be relied upon. Components 
must always be positioned as accurately as 
possible. 


Footprint Dimensions 

The following diagrams (Fig. 11 to 19) show 
footprint dimensions for SO ICs, the VSO-40 
package, PLCC packages, and the range of 
surface-mounted transistors, diodes, resis- 
tors, and capacitors. All dimensions given are 
based on the criteria discussed in these 
guidelines. 


Please note — these footprints are based on 
our experience with both experimental and 
actual production substrates and are repro- 
duced for guidance only. Research is con- 
stantly going on to cover all SMDs currently 
available and those planned for in the future, 
and data will be published when in it becomes 
available. 
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oO nto 
Pe ag siphen 


INCHES 


A B c PACKAGE 


OUTLINE 


VSO-40 
VSO-56 


PACKAGE 
OUTLINE 

SO-8, 14, 16 
SOL-16, 20, 24, 28 


155 .275 .060 . 
310 .450 .070 . 


METRIC (mm) re 
OUTLINE 


PACKAGE 
OUTLINE 


SO SMALL 
SO LARGE 
METRIC (mm) 


PACKAGE A B Cc 


OUTLINE 


SOL-8 9.0 13.2 2.1 


INCHES 


PACKAGE A 3 Cc 


OUTLINE 
SOL-8 36 .528 .084 .024 .050 


Figure 11. Footprints for SO ICs 


PACKAGE 
OUTLINE 


PLCC-20 
PLCC-28 
PLCC-44 
PLCC-52 
PLCC-68 
PLCC-84 
PLCC-32 


INCHES 
B 


32 536 8.108 
46 676 «108 


METRIC (mm) 
A B 


8.0 13.4 
11.5 16.9 


Figure 12. Footprints for VSO ICs 


ee 


F ——_——_r|=-¢ 


UU 


.260 .440.090 . 
-360 .540.090 . 
.560 .740.090 . 
-660 .840.090 . 
-8601.040.090 . 
1.0601.240.090 . 
.360 .540.090 . 


| é 


.440 
-540 
.740 
.840 


1.060 1.240 
‘460 640 


Figure 13. Footprints for PLCCs 
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INCHES 
c D 


0.048 0.104 0.028 0.044 0.104 — 
0.032 0.136 0.052 0.052 0.048 0.152 
METRIC (mm) 
B Cc D E 
Reflow 1:2 2.6 0.7 
Wave 0.8 3.4 1.3 


Figure 14. Footprints for SOT-23 
Transistors 


PACKAGE 
OUTLINE 


SOT-143 0.104 0.028 0.048 0.036 0.044 0.036 0.116 0.044 
PACKAGE METRIC (mm) 

OUTLINE A B C DB E F G H 
SOT-143 26 07 12 09 11 0920 1.1 


Figure 17. Footprints for Reflow- 
Soldered SOT-143 Transistors 
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INCHES 
B Cc 


0.208 0.056 
0.2 0.05 


METRIC (mm) 
B Cc 


DF07270S 


A 


C0805 0.08 X 0.05 0.032 
R/C1206 | 0.128 x 0.064 0.072 
C1210 0.128 X 0.1 0.072 
C1808 0.18 X 0.08 0.112 
C1812 0.18 X 0.128 0.112 
C2220 0.228 x 0.2 0.16 


CODE SIZE 


2.0 X 1.25 
3.2 X 1.6 
3.2 X 2.5 
4.5 X 2.0 
4.5 X 3.2 
5.7 X 5.0 


Figure 18. Footprints for Reflow- 


Soldered Surface-Mounted Resistors 
and Ceramic Multilayer Capacitors 
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PACKAGE INCHES 
OUTLINE D 


METRIC (mm) 
Cc D E G 


26 12 08 O07 3.8 


Figure 16. Footprints for Reflow- 
Soldered SOT-89 Transistors 


INCHES 
SIZE A B Cc D 


0.08 X 1.05 0.048 0.144 0.048 0.048 0.016 
R/C1206 | 0.128 X .0640.08 0.192 0.056 0.056 0.020 


METRIC (mm) 
SIZE A B Cc 


C0805 2.0X1.25 12 36 1.2 
R/C1206 32X6 20 48 1.4 


Figure 19. Footprints for Wave- 
Soldered Surface-Mounted Resistors 
and Ceramic Multilayer Capacitors 
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Layout Considerations 

Component orientation plays an important 
role in obtaining consistent solder-joint quali- 
ty. The substrate layout shown in Figure 20 
will result in significantly better solder joints 
than a substrate with SMD resistors and 
capacitors positioned parallel to the solder 
flow. 


Component Pitch 

The minimum component pitch is governed 
by the maximum width of the component and 
the minimum distance between adjacent 
components. When defining the maximum 
component width, the rotational accuracy of 
the placement machine must also be consid- 
ered. Figure 21 shows how the effective width 
of the SMD is increased when the component 
is rotated with respect to the footprint by 
angle ¢°. (For clarity, the rotation is exagger- 
ated in the illustration.) 


The minimum permissible distance between 
adjacent SMDs is a figure based upon the 
gap required to avoid solder-bridging during 
the wave soldering process. Figure 22 shows 
how this distance and the maximum compo- 
nent width are combined to derive the basic 
expression for calculating the minimum pitch 


(Fain)- 


As a guide, the recommended minimum 
pitches for various combinations of two sizes 
of SMDs, the R/C1206 and C0805 (R or C 
designating resistor or capacitor respectively; 
the number referring to the component size), 
are given in Table 1. These figures are 
statistically derived under certain assumed 
boundary conditions as follows: 

®@ Positioning error (Ap)+0.3mm; (+0.012") 
@ Pattern accuracy (Aq)+ 0.3mm; 

(+0.012"') 


@ Rotational accuracy (¢)+ 3° 


@ Component metallization/solderland 
overlap (Myin) 0.1mm (0.004'') (Note 
this figure is only valid for wave 
soldering) 


@ The figure for the minimum permissible 
gap between adjacent components 
(Gwin) is taken to be 0.5mm (0.020"'). 


As these calculations are not based on worst- 
case conditions, but on a statistical analysis 
of all boundary conditions, there is a certain 
flexibility in the given data. 


For example, it is possible to position R/ 
C1206 SMDs on a 2.5mm pitch, but the 
probability of component placements occur- 
ring with Gyin smaller than 0.5mm will in- 
crease; hence, the likelihood of solder-bridg- 
ing also increases. Each application must be 
assessed on individual merit with regard to 
acceptable levels of rework, and so on. 
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SUBSTRATE 
DIRECTION 


Figure 20. Recommended Component Orientation for Wave-Soldered Substrates 


NOTES: 

¢ = Component rotation with respect to footprint 
L sin ¢= Effective increase in width 

W sin $= Effective increase in length 


DF07310S 


OF07320S 


Figure 21. The Influence of Rotation of the SMD With Respect to the Footprint 


Solderland/Via Hole 


Relationship 

With reflow-soldered multilayer and double- 
sided, plated through-hole substrates, there 
must be sufficient separation between the via 
holes and the solderlands to prevent a solder 
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well from forming. If too close to a solder 
joint, the via hole may suck the molten solder 
away from the component by capillary action; 
this results in insufficient wetting of the joint. 
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CENTERLINE OF 
REFERENCE HOLE 


NOTES: 

Wwmax = Maximum width of component 

Gmin = Minimum permissible gap 

Fain = Minimum pitch 

P; = Nominal position of component 1 (tolerance Ap) 
Ps = Nominal position of component 2 (tolerance Ap) 
Fain = Wwax + 24p + Guin 


DF07330S 


Figure 22. Criteria for Determining the Minimum Pitch of SMDs 


Table 1. Recommended Pitch For R/C1206 and C0805 SMDs 


Solderland/Component Lead 
Relationship 


Of special consideration for mixed-print sub- 
strate layout is the location of leaded compo- 
nents with respect to the SMD footprints and 
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Combination 


R/C1206 
C0805 
R/C1206 
C0805 


R/C1206 
C0805 


Component B 
R/C1206 C0805 


3.0(0.12"') 2.8 (0.112"') 
2.8(0.112"') 2.6 (0.0104"') 


5.8 (0.232"') 
5.3 (0.212"') 


5.3 (0.212"') 
4.8(0.192"') 


4.1 (0.164"') 
3.6 (0.144") 


3.7 (0.148") 
3.0(0.12") 


the minimum distance between a protruding 
clinched lead and a conductor or SMD. Figure 
23 shows typical configurations for R/C1206 
SMDs mounted on the underside of a sub- 
strate with respect to the clinched leads 
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of a leaded component. Minimum distances 
between the clinched lead ends and the 
SMDs or substrate conductors are 1mm 
(0.04'') and 0.5 (0.02"') respectively. 


Placement Machine Restrictions 
There are two ways of looking at the distribu- 
tion of SMDs on the substrate: uniform SMD 
placement and non-uniform SMD placement. 
With nonuniform placement, center-to-center 
dimensions of SMDs are not exact multiples 
of a predetermined dimension as shown in 
Figure 24a, so the location of each is difficult 
to program into the machine. 


Uniform placement uses a modular grid sys- 
tem with devices placed on a uniform center- 
to-center spacing. (For example, 2.5 (0.1"') or 
5mm (0.2'') as shown in Figure 24b.) This 
placement has the distinct advantage of es- 
tablishing a standard and enables the use of 
other automated placement machines for fu- 
ture production requirements without having 
to redesign boards. 


Substrate Population 

Population. density of SMDs over the total 
area of the substrate must also be carefully 
considered, as placement machine limitations 
can create a ''lane" or ''zone"' that restricts 
the total number of components which can be 
placed within that area on the substrate. 


For example, on a hardware-programmable 
simultaneous placement machine (see Figure 
3c), each pick-and-place unit within the place- 
ment module can only place a component on 
the substrate in a restricted lane (owing to 


Sco 
bares 
coq a 


CLINCHED 


Figure 23. Location of R/C1206 
SMDs on the Underside of a Mixed- 
Print Substrate with Respect to the 

Clinched Leads of Through-Hole 

Components (Dimensions in mm) 
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a. Non-Uniform Component Placement 
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ei 
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oe 
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b. Uniform Component Placement 
Figure 24 


adjacent pick-and-place units), typically 10 to 
12mm (0.4"' to 0.48'') wide, as shown in 
Figure 25. 


SUBSTRATE TYPICAL 


DIRECTION 


DF07400S 


Figure 25. Substrate ''Lanes" 
From Use of a Simultaneous 
Placement Machine 


Placement of the 10 components in the lane 
on the right of the substrate shown will 
require a machine with 10 placement mod- 
ules (or ten passes beneath a single place- 
ment module), an inefficient process consid- 
ering that there are no more than three SMDs 
in any other lane. 
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Test Points 

Siting of test points for in-circuit testing of 
SMD substrates presents problems owing to 
the fewer via holes, higher component densi- 
ties, and components on both sides of SMD 
substrates. On conventional double-sided 
PCBs, the via holes and plated-through com- 
ponent lead-holes mean that most test-points 
are accessible from one side of the board. 
However, on SMD substrates, extra provision 
for test-points may have to be made on both 
sides of the substrate. 


Figure 26a shows the recommended ap- 
proach for positioning test-points in tracks 
close to components, and Figure 26b shows 
an acceptable (though not recommended) 
alternative where the solderland is extended 
to accommodate the test pin. This latter 
method avoids sacrificing too much board 
space, thus maintaining a high-density layout, 
but can introduce the problem of components 
moving (''floating'') when reflow-soldered. 
The approach shown in Figure 26c is totally 
unacceptable since the pressure applied by 
the test pin can make an open-circuit 
soldered joint appear to be good, and, more 
importantly, the test pin can damage the 
metallization on the component, particularly 
with small SMDs. 


CAD Systems for SMD 


Substrate Layout 

At present, about half of all PCBs are laid out 
using computer-aided design (CAD) tech- 
niques, and this proportion is expected to rise 
to over 90% by 1988. Of the many current 
CAD systems available for designing PCB 
layouts for conventional through-hole compo- 
nents and ICs in DIL packages, few are SMD- 
compatible, and systems dedicated exclu- 
sively to SMD substrate layout are still com- 
paratively rare. There are two main reasons 
for this: some CAD suppliers are waiting for 
SMD technology to fully mature before updat- 
ing their systems to cater to SMD-loaded 
substrates, and others are holding back until 
standard package outlines are fully defined. 


However, updating CAD systems used for 
through-hole printed boards is not simply a 
case of substituting SMD footprints for con- 
ventional component footprints, since SMD- 
populated substrates impose far tougher re- 
straints on PCB layout and require a total 
rethink of the layout programs. For example, 
systems must deal with higher component 
densities, finer track widths, devices on both 
sides of the substrate (possibly occupying 
corresponding positions on opposite sides), 
and even SMDs under conventional DILs on 
the same side of the substrate. 


The amount of reworking that a program 
requires depends on whether it's an interac- 
tive (manual) system, or one with fully auto- 
matic routing and placement capabilities. For 
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TESTPOINT 
DF07410S 


a. RECOMMENDED Test Point 
Location Close to an SMD 


EXTENDED 
SOLDER LAND 
DF07420S 


b. Acceptable Test Point Location 


DF07430S 


c. UNACCEPTABLE Test Point 
Location 


Figure 26 


interactive systems, where the user positions 
the components and routes the tracks manu- 
ally on-screen, program modifications will be 
minimal. Automatic systems, however, must 
contend with the stricter design rules for SMD 
substrate layout. For example, many auto- 
routing programs assume that every solder- 
land is a plated through-hole and, therefore, 
can be used as a via hole. This is not 
applicable for SMD-populated substrates. 


CAD programs base the substrate layout on a 
regular grid. This method, analogous to draw- 
ing the layout on graph paper, must have the 
grid lines on a pitch that is no larger than the 
smallest component or feature (track width, 
pitch, and so on). For conventional DIL 
boards, this is typically 0.635mm (0.025"'), but 
with the much smaller SMDs, a grid spacing 
of 0.0254mm (0.001'') is required. Conse- 
quently, for the same area of substrate, a 
CAD system based on this finer grid requires 
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a resolution more than 600 times greater than 
that required for conventional-layout CAD 
systems. 


To handle this, extra memory capacity can be 
added, or the allowable substrate area can be 
limited. In fact, the small size of SMDs, and 
the high-density layouts possible, generally 
result in a smaller substrate. However, high- 
density layout gives rise to additional compli- 
cations not directly related to the SMD sub- 
strate design guidelines. Most CAD systems, 
for instance, cannot always completely route 
all interconnects, and some traces have to be 
routed manually. This can be _ particularly 
difficult with the fewer via holes and smaller 
component spacing of SMD boards. 


Ideally, the CAD program should have a 
"tear-up and start again'' algorithm that al- 
lows it to restart autorouting if a previous 
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attempt reaches a position where no further 
traces can be routed before an acceptable 
percentage of interconnects (and this per- 
centage must first be determined) have been 
made. This minimizes the manual reworking 
required. 


CAE/CAD/CAM Interaction 
Computer-aided production of printed boards 
has evolved from what was initially only a 
computer-aided manufacturing process 
(CAM — digitizing a manually-generated lay- 
out and using a photoplotter to produce the 
artwork) to fully-interactive computer-aided 
engineering, design, and manufacture using a 
common database. Figure 27 illustrates how 
this multi-dimensional interaction is particular- 
ly well-suited to SMD-populated substrate 
manufacture in its highly-automated environ- 
ment of pick-and-place assembly machines 
and test equipment. 
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Using a fully-integrated system, linked by 
local area network to a central database, will 
make it possible to use the initial computer- 
aided engineering (CAE — schematic design, 
logic verification, and fault simulation) in the 
generation of the final test patterns at the end 
of the development process. These test pat- 
terns can then be used with the automatic 
test equipment (ATE) for functional testing of 
the finished substrates. 


Such a system is particularly useful for testing 
SMD-populated substrates, as their high com- 
ponent density and fewer via-holes make in- 
circuit testing (‘bed of nails'' approach) diffi- 
cult. Consequently, manufacturers are turning 
to functional testing as an alternative. These 
aspects are covered in another publication 
entitled Functional Testing and Repair. 
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SOLDER RESIST 
PATTERN 
GENERATION \ 


SOFTWARE 
DEVELOPMENT 


SMD 
AUTOROUTING 


COMPONENT Ff 
PLACEMENT 


MANUFACTURE 


GATE ALLOCATION 


SCHEMATIC LOGIC FAULT | PHOTOPLOTTER PICK-AND-PLACE TEST PATTERN 
DESIGN VERIFICATION ~—- SIMULATION 4 DRIVE DRIVE GENERATION 


CAE 
SOFTWARE 


COMPUTER 
WORKSTATION 


PHOTOPLOTTER 
LOCAL AREA NETWORK 


AUTOMATIC TEST 
EQUIPMENT 


HARDWARE 


Figure 27. The Software-Hardware Interaction for the Computer-Aided Engineering, Design, 
and Manufacture of SMD Substrates 
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AN INTRODUCTION 

The key questions that must be asked of any 
electronic circuit are ''does it work, and will it 
continue to do so over a specified period of 
time?'' Until zero-defect soldering is 
achieved, and all components are guaranteed 
serviceable by the vendors, manufacturers 
can only answer these questions by carrying 
out some form of test on the finished product. 


The types of tests, and the depth to which 
they are carried out, are determined by the 
complexity of the circuit and the customer's 
requirements. The amount of rework to be 
performed on the circuit will depend on the 
results of these tests and the degree of 
reliability demanded. The criteria are true of 
all electronic assemblies, and the test engi- 
neer must formulate test schedules accord- 
ingly. 


Substrates loaded with surface mounted de- 
vices (SMDs), however, pose additional prob- 
lems to the test engineer. The devices are 
much smaller, and substrate population den- 
sity is greater, leading to difficulty in access- 
ing all circuit nodes and test points. Also SMD 
substrate layout designs often have fewer via 
and component lead holes, so test points 
may not all be on one side of the substrate 
and double-sided test fixtures become neces- 
sary. 


To achieve the high throughput rates made 
possible by using highly automated SMD 
placement machines and volume soldering 
techniques, automatic testing becomes a ne- 
cessity. Visual inspection of the finished sub- 
strate by trained inspectors can normally 
detect about 90% of defects. With the correct 
combination of automatic test equipment, the 
remainder can be eliminated. In this publica- 
tion, we hope to provide the manufacturer 
with information to enable him to evaluate 
and select the best combination of test equip- 
ment and the most effective test methods for 
his product. 


BARE-BOARD TESTING 

Although SMD substrates will undoubtedly be 
smaller than conventional through-hole sub- 
strates and have less space between con- 
ductors, the principles of bare-board testing 
remain the same. Many of the testers already 
in use can, with little or no modification, be 
used for SMD substrates. As this is already a 
well-established and well-documented prac- 
tice, it will not be discussed further in this 
publication, but it is recommended that bare- 
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Test and Repair 


board testing always be used as the first step 
in assuring board integrity. 


POST-ASSEMBLY TESTING 
Testing densely populated substrates is no 
easy task, as the components may occupy 
both sides of the board and cover many of 
the circuit nodes (see Figure 1 for the three 
main types of SMD-populated substrates). 
Unlike conventional substrates, on which all 
test points are usually accessible from the 
bottom, SMD assemblies must be designed 
from the start with the siting of test points in 
mind. Probing SMD substrates is particularly 
difficult owing to the very close spacing of 
components and conductors. 


Mixed print or all-SMD assemblies with com- 
ponents on both sides further aggravate the 
testing problems, as not all test points are 
present on the same side of the board. 
Although two-sided test fixtures are feasible, 
they are expensive and require considerable 
time to build. 


The application of a test probe to the top of 
an SMD termination could damage it, and 
probe pressure on a poor or open solder joint 
can force contact and thus allow a defective 
joint to be assessed as good. Figure 2a 
illustrates the recommended siting of test 
points close to SMD terminations, and Figure 
2b shows an alternative, though not recom- 
mended, option. Here, problems could arise 
from reflow soldering (solder migrating from 
the joint) unless the test point area is separat- 
ed from the solder land area with a stripe of 
solder resist. Excessive mechanical pressure 
caused by too many probes concentrated ina 
small area may also result in substrate dam- 
age. 


It is good practice for substrates to have test 
points on a regular grid so that conventional, 
rather than custom, testers may be used. If 
the substrate has tall components or heat- 
sinks, the test points must be located far 
enough away to allow the probes to make 
good contact. All test points should be solder 
coated to provide good electrical contact. Via 
holes may also be used as test points, but the 
holes must be filled with solder to prevent the 
probe from sticking. 


AUTOMATIC TEST EQUIPMENT 
(ATE) 


As manufacturers strive to increase produc- 
tion, the question becomes not whether to 
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DFO7070S 


a. Type |— Total Surface Mount 
(All-SMD) Substrates 


b. Type IlIA— Mixed Print 
(Double-Sided) Substrate 


c. Type IIB — Mixed Print 
(Underside Attachment) Substrate 


Figure 1 


use automatic test engineering (ATE), but 
which ATE system to use and how much to 
spend on it. Because of the rapid fall in price 
of computers, memories, and peripherals, 
today's low-cost ATE equals the performance 
of the high-cost equipment of just two or 
three years ago. For factory automation, man- 
ufacturers must consider many factors, such 
as production volume, product complexity, 
and availability of skilled personnel. 


One question is whether the ATE system can 
be used not only for production testing but 
also for service and repair to reduce the high 
cost of keeping a substrate inventory in the 
field. Another is whether assembly and pro- 
cess-induced faults represent a significant 
percentage of production defects, rather than 
out-of-tolerance components. These ques- 
tions need to be answered before deciding on 
the type of ATE system required. 
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DF07410S 


a. Recommended Location 
of Test Points Close to SMDs 


EXTENDED 
SOLDER LAND 
DFO7420S 
b. Acceptable, Though 
Not Recommended, Location of 
Test Points Close to SMDs 


c. Unacceptable Location 
of Test Points Close to SMDs 


Figure 2 


Several systems are currently available to the 
manufacturer, including short-circuit testers, 
in-circuit testers, in-circuit analyzers, and 
functional testers. Figure 3 shows a bar-chart 
giving a comparison of percent fault detection 
and programming time for various ATE sys- 
tems. 


A loaded-board, short-circuit tester takes 
from two to six hours to program and its 
effective fault coverage is between 35% and 
65%. It has the advantage of being operation- 
ally fast and comparatively inexpensive. On 
the negative side, however, it is limited to the 
detection of short-circuits and may require a 
double-sided, bed-of-nails test fixture (see 
Figure 4), which for SMD substrates may be 
expensive and take time to produce. Careful 
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FUNCTIONAL 
TESTER 
IN-CIRCUIT 


TESTER 4 
ANALYZER p= =n 
a 85% 
PROGRAMMING 80% 


TIME 6 PRO- 
WEEKS GRAMMING 


IN-CIRCUIT 


SHORT- 
CIRCUIT 
TESTER TIME 

65% 9 MONTHS 


50% 
PROGRAMMING 
TIME 4 DAYS 
35% 
PROGRAMMING 
TIME 6 HOURS 


DF07450S 


Figure 3. Bar Chart Showing a 
Comparison of Percent Fault Detection 
and Programming Time for 
Various ATE Systems 


design can, however, often eliminate the 
need for double-sided test probe fixtures. 


In-circuit testers power the assembly and 
check for open or short-circuits, circuit pa- 
rameters, and can pinpoint defective compo- 
nents. They can provide around 90% fault 
coverage, but are more expensive than short- 
circuit testers and programming can take 
more than six weeks. 


In-circuit analyzers are relatively simple to 
program and can detect manufacturing-in- 
duced faults in one third of the time required 
by an in-circuit tester. Fault coverage is 
between 50% and 90%. Because they do not 
power the assembly, they cannot detect digi- 
tal logic faults, unlike an in-circuit tester or 
functional tester. 


Functional testers, on the other hand, check 
the assembly's performance and simply 
make a go or no-go decision. Either the 
assembly performs its required function or it 
does not. They are much more expensive, but 
their fault coverage is between 80% and 
98%. Their major disadvantages, apart from 
cost, are that they cannot locate defective 
components, and programming for a high- 
capacity system can take as long as nine 
months. 


ATE Systems 

An analysis of defects on a finished substrate 
will determine which combination of ATE will 
best meet the test requirements with regard 
to fault coverage and throughput rate. 


If most defects are short-circuits, a loaded- 
board short-circuit tester, in tandem with an 
in-circuit tester, will pre-screen the substrate 
for short-circuits twice as fast as the in-circuit 
tester. This allows more time for the in-circuit 
tester to handle the more complex test re- 
quirements. This combination of ATE, instead 
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of an in-circuit tester alone, improves the 
throughput rate. 


Combining a short-circuit tester with a func- 
tional tester produces even more dramatic 
results. If most defects are manufacturing- 
produced shorts, the use of a short-circuit 
tester to relieve the functional tester of this 
task can increase throughput five-fold while 
maintaining a fault coverage of up to 98%. 


If manufacturing faults and analog compo- 
nent defects are responsible for the majority 
of failures, a relatively low-cost, in-circuit 
analyzer can be used in tandem with an in- 
Circuit tester or functional tester to reduce 
testing costs and improve throughput. The in- 
circuit analyzer is three times faster than an 
in-circuit tester in detecting manufacturing- 
induced faults, offers test and diagnostics 
usually within 10 seconds each, and is rela- 
tively simple to program. But because it is 
unpowered, an in-circuit analyzer cannot test 
digital logic faults; either an in-circuit tester or 
functional tester following the in-circuit ana- 
lyzer must be used to locate this type of 
defect. 


POLLUTED POWER SUPPLIES 
Today's electronic components and the 
equipment used to test them are susceptible 
to electrical noise. Erroneous measurements 
on pass-or-fail tests could lower test through- 
put or, even more seriously, allow defective 
products to pass inspection. Semiconductor 
chips under test can also be damaged or 
destroyed as high-energy pulses or line-volt- 
age surges stress the fine-line geometrics 
separating individual cells. 


Noise pulses can be either in the normal (line- 
to-line) mode or common (line-to-ground) 
mode. Common-mode electrical noise poses 
a special threat to modern electronic circuitry 
since the safety ground line to which com- 
mon-mode noise is referenced is often used 
as the system's logic reference point. Since 
parasitic capacitance exists between safety 
ground and the reference point, at high fre- 
quencies these points are essentially tied 
together, allowing noise to directly enter the 
system's logic. 


MANUAL REPAIR 

The repair of SMD-populated substrates will 
entail either the resoldering of individual joints 
and the removal of shorts or the replacement 
of defective components. 


The reworking of defective joints will invari- 
ably involve the use of a manual soldering 
iron. Bits are commercially available in a 
variety of shapes, including special hollow 
bits used for desoldering and for the removal 
of solder bridges. The criteria for the inspec- 
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Figure 4. Double-Sided, Bed-of-Nails Test Fixture 
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Figure 5. Heated Collet for the Removal and Replacement of Multi-Leaded SMDs 
(a PLCC is Shown Here) 


tion of reworked soldered joints are the same 
as those for machine soldering. 


Special care must be taken when reworking 
or replacing electrostatic sensitive devices. 
Soldering irons should be well grounded via a 
safety resistor of minimum 100kQ2. The 
ground connection to the soldering iron 
should be welded rather than clamped. This 
is because oxidation occurs beneath the 
clamp, thus isolating the ground connection. 
Voltage spikes caused by the switching of the 
iron can be avoided by using either continu- 
ously-powered irons, or irons that switch only 
at zero voltage on the AC sine curve. 


To remove defective leadless SMDs, a variety 
of soldering iron bits are available that will 
apply the correct amount of heat to both ends 
of the component simultaneously and allow it 
to be removed from the substrate. If the 
substrate has been wave soldered, an adhe- 
sive will have been used, and the bond can 
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be broken by twisting the bit. Any adhesive 
residue must then be removed. The same 
tool is then used to place and solder the new 
component, using either solder cream or 
resin-cored solder. 


When a multi-leaded component, such as a 
plastic leaded chip carrier (PLCC), has to be 
removed, a heated collet can be used (see 
Figure 5). The collet is positioned over the 
PLCC, heat is applied to the leads and solder 
lands automatically until the solder reflows. 
The collet, complete with the PLCC, is then 
raised by vacuum. Solder cream is then re- 
applied to the solder lands by hand. No 
adhesive is required in this operation. 


The collet is positioned over the replacement 
PLCC, which is held in place by the slight 
spring pressure of the PLCC leads against the 
walls of the collet. The collet, complete with 
PLCC, is then raised pneumatically and posi- 
tioned over the solder lands. 
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Using air pressure, the center pin of the collet 
then pushes the PLCC into contact with the 
substrate where it is maintained with the 
correct amount of force. Heat is then applied 
through the walls of the collet to reflow the 
solder paste. The center pin maintains pres- 
sure on the PLCC until the solder has solidi- 
fied, then the center pin is raised and the 
replacement is complete. 


Another method, well-suited to densely popu- 
lated SMD substrates, uses a stream of 
heated air, directed onto the SMD termina- 
tions. Once the solder has been reflowed, the 
component can be removed with the aid of 
tweezers. While the hot air is being directed 
onto the component, cooler air is played onto 
the bottom of the substrate to protect it from 
heat damage. During removal, the compo- 
nent should be twisted sideways slightly in 
order to break the surface tension of the 
solder and any adhesive bond between the 
component and the substrate. This prevents 
damage to the substrate when the compo- 
nent is lifted. , 


To fit a new component, the solder lands are 
first retinned and fluxed, the new component 
accurately placed, and the solder reflowed 
with hot air. Substituting superheated argon, 
nitrogen, or a mixture of nitrogen and hydro- 
gen for the hot air stream removes any risk of 
contaminating or oxidizing the solder. 


Focused infrared light has also been used 
successfully to reflow the solder on densely 
populated substrates. 


In general, the equipment and procedures 
used for the replacement of PLCCs can be 
used for leadless ceramic chip carriers 
(LCCCs) and small-outline packages (SO 
ICs). SO ICs are somewhat easier to replace, 
as the leads are more accessible and only on 
two sides of the component. 
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INTRODUCTION 

The adoption of mass soldering techniques 
by the electronics industry was prompted not 
only by economics, and a requirement for 
high throughput levels, but also by the need 
for a consistent standard of quality and reli- 
ability in the finished product unattainable by 
using manual methods. With surface-mount- 
ed device (SMD) assembly, this need is even 
greater. 


The quality of the end-product depends on 
the measures taken during the design and 
manufacturing stages. The foundations of a 
high-quality electronic circuit are laid with 
good design, and with correct choice of 
components and substrate configuration. It is, 
however, at the manufacturing stage where 
the greatest number of variables, both with 
respect to materials and techniques, have to 
be optimized to produce high-quality solder- 
ing, a prerequisite for reliability. 


Of the two most commonly-used soldering 
techniques, wave and reflow, wave soldering 
is by far the most widely used and under- 
stood. Many factors influence the outcome of 
the soldering operation, some relating to the 
soldering process itself, and others to the 
condition of components and substrate to 
which they are to be attached. These must be 
collectively assessed to ensure high-quality 
soldering. 


One of the most important, most neglected, 
and least understood of these processes is 
the choice and application of flux. This sec- 
tion outlines the fluxing options available, and 
discusses the various cleaning techniques 
that may be required, for SMD substrate 
assembly. 


FLUXES 

Populating a substrate involves the soldering 
of a variety of terminations simultaneously. In 
one operation, a mixture of tinned copper, 
tin/lead-or gold-plated nickel-iron, palladium- 
silver, tin/lead-plated nickel-barrier, and even 
materials like Kovar, each possessing varying 
degrees of solderability, must be attached to 
a common substrate using a single solder 
alloy. 


It is for this reason that the choice of the flux 
is sO important. The correct flux will remove 
surface oxides, prevent reoxidization, help to 
transfer heat from source to joint area, and 
leave non-corrosive, or easily removable cor- 
rosive residues on the substrate. It will also 
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improve wettability of the solder joint sur- 
faces. 


The wettability of a metal surface is its ability 
to promote the formation of an alloy at its 
interface with the solder to ensure a strong, 
low-resistance joint. 


However, the use of flux does not eliminate 
the need for adequate surface preparation. 
This is very important in the soldering of SMD 
substrates, where any temptation to use a 
highly-active flux in order to promote rapid 
wetting of ill-prepared surfaces should be 
avoided because it can cause serious prob- 
lems later when the corrosive flux residues 
have to be removed. Consequently, optimum 
solderability is an essential factor for SMD 
substrate assembly. 


Flux is applied before the wave soldering 
process, and during the reflow soldering pro- 
cess (where flux and solder are combined ina 
solder cream). By coating both bare metal 
and solder, flux retards atmospheric oxidiza- 
tion which would otherwise be intensified at 
soldering temperature. In the areas where the 
oxide film has been removed, a direct metal- 
to-metal contact is established with one low- 
energy interface. It is from this point of 
contact that the solder will flow. 


Types of Flux 

There are two main characteristics of flux. 
The first is efficacy—its ability to promote 
wetting of surfaces by solder within a speci- 
fied time. Closely related to this is the activity 
of the flux, that is, its ability to chemically 
clean the surfaces. 


The second is the corrosivity of the flux, or 
rather the corrosivity of its residues remaining 
on the substrate after soldering. This is again 
linked to the activity; the more active the flux, 
the more corrosive are its residues. 


Although there are many different fluxes 
available, and many more being developed, 
they fall into two basic categories; those with 
residues soluble in organic liquids, and those 
with residues soluble in water. 


Organic Soluble Fluxes 

Most of the fluxes soluble in organic liquids 
are based on colophony or rosin (a natural 
product obtained from pine sap that has been 
distilled to remove the turpentine content). 
Solid colophony is difficult to apply to a 
substrate during machine soldering, so it is 
dissolved in a thinning agent, usually an 
alcohol. It has a very low efficacy, and hence 
limited cleaning power, so activators are add- 
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ed in varying quantities to increase it. These 
take the form of either organic acids, or 
organic salts that are chemically active at 
soldering temperatures. It is therefore conve- 
nient to classify the colophony-based fluxes 
by their activator content. 


Non-Activated Rosin (R) Flux 

These fluxes are formed from pure colophony 
in a suitable solvent, usually isopropanol or 
ethyl alcohol. Efficacy is low and cleaning 
action is weak. Their uses in electronic sol- 
dering are limited to easily-wettable materials 
with a high level of solderability. They are 
used mainly on circuits where no risk of 
corrosion can be tolerated, even after pro- 
longed use (implanted cardiac pacemakers, 
for example). Their flux residues are noncor- 
rosive and can remain on the substrate, 
where they will provide good insulation. 


Rosin, Mildly-Activated (RMA) 


Flux 

These fluxes are also composed of colopho- 
ny in a solvent, but with the addition of 
activators, either in the form of di-basic or- 
ganic acids (such as succinc acid), or organic 
salts (such as dimethylammonium chloride or 
diethylammonium chloride). It is customary to 
express 


the amount of added activator as mass per- 
cent of the chlorine ion on the colophony 
content, as the activator-to-colophony ratio 
determines the activity, and, hence, the corro- 
sivity. In the case of RMA activated with 
organic salts, this is only some tenths of one 
percent. 


When organic acids are used, a higher per- 
centage of activator must be added to pro- 
duce the same efficacy as organic salts, so 
frequently both salts and acids are added. 
The cleaning action of RMA fluxes is stronger 
than that of the R type, although the corrosivi- 
ty of the residues is usually acceptable. 
These residues may be left on the substrate 
as they form a useful insulating layer on the 
metal surfaces. This layer can, however, 
impede the penetration of test probes at a 
later stage. 


Rosin, Activated (RA) Flux 

The RA fluxes are similar to the RMA fluxes, 
but contain a higher proportion of activators. 
They are used mainly when component or 
substrate solderability is poor and corrosion- 
risk requirements are less stringent. However, 
as good solderability is considered essential 
for SMD assembly, highly-activated rosin flux- 
es should not be necessary. The removal of 
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flux residues is optional and usually depen- 
dent upon the working environment of the 
finished product and the customer's require- 
ments. 


Water-Soluble Fluxes 

The water-soluble fluxes are generally used 
to provide high fluxing activity. Their residues 
are more corrosive and more conductive than 
the rosin-based fluxes, and, consequently, 
must always be removed from the finished 
substrate. Although termed water soluble, this 
does not necessarily imply that they contain 
water; they may also contain alcohols or 
glycols. It is the flux residues that are water 
soluble. The usual composition of a water- 
soluble flux is shown below. 


1. Achemically-active component for clean- 
ing the surfaces. 


2. Awetting agent to promote the spreading 
of flux constituents. 


3. A solvent to provide even distribution. 


4. Substances such as glycols or water- 
soluble polymers to keep the activator in 
close contact with the metal surfaces. 


Although these substances can be dissolved 
in water, other solvents are generally used, as 
water has a tendency to spatter during sol- 
dering. Solvents with higher boiling points, 
such as ethylene glycol or polyethylene glycol 
are preferred. 


Water-Soluble Fluxes With 


Inorganic Salts 

These are based on inorganic salts such as 
zinc chloride, or ammonium chloride, or inor- 
ganic acids such as hydrochloric. Those with 
zinc or ammonium chloride must be followed 
by very stringent cleaning procedures as any 
halide salts remaining on the substrate will 
cause severe corrosion. These fluxes are 
generally used for non-electrical soldering. 
Although the hydrazine halides are among 
the best active fluxing agents known, they are 
highly suspect from a health point of view and 
are therefore no longer used by flux manufac- 
turers. 


Water-Soluble Fluxes With 


Organic Salts 

These fluxes are based on organic hydrohal- 
ides such as dimethylammonium chloride, 
cyclo hexalamine hydrochloride, and aniline 
hydrochloride, and also on the hydrohalides 
of organic acids. Fluxes with organic halides 
usually contain vehicles such as glycerol or 
polyethylene glycol, and non-ionic surface- 
active agents such as nonylphenol polyoxy- 
ethylene. Some of the vehicles, such as the 
polyethylene glycols, can degrade the insula- 
tion resistance of epoxy substrate material 
and, by rendering the substrate hydrophilic, 
make it susceptible to electrical leakage in 
high-humidity environments. 
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Water-Soluble Fluxes With 
Organic Acids 


Based on acids such as lactic, melonic, or 
citric, these fluxes are used when the pres- 
ence of any halide is prohibited. However, 
their fluxing action is weak, and high acid 
concentrations have to be used. On the other 
hand, they have the advantage that the flux 
residues can be left on the substrate for some 
time before washing without the risk of severe 
corrosion. 


Solder Creams 

For reflow soldering, both the solder and the 
flux are applied to the substrate before sol- 
dering and can be in the form of solder 
creams (or pastes), preforms, electro-deposit, 
or a layer of solder applied to the conductors 
by dipping. For SMD reflow soldering, solder 
cream is generally used. 


Solder cream is a suspension of solder parti- 
cles in flux to which special compounds have 
been added to improve the rheological prop- 
erties. The shape of the particles is important 
and normally spherical particles are used, 
although non-spherical particles are now be- 
ing added, particularly in very fine-line solder- 
ing. 


In principle, the same fluxes are used in 
solder creams as for wave soldering. Howev- 
er, due to the relatively large surface area of 
the solder particles (which can oxidize), more 
effective fluxing is required and, in general, 
solder creams contain a higher percentage of 
activators than the liquid fluxes. The drying of 
the solder paste during preheating (after com- 
ponent placement) is an important stage as it 
reduces any tendency for components to 
become displaced during soldering. 


Flux Selection 

Choosing an appropriate flux is of prime 
importance to the soldering system for the 
production of high-quality, reliable joints. 
When solderability is good, a mildly-activated 
flux will be adequate, but when solderability is 
poorer, a more effective, more active flux will 
be required. The choice of flux, moreover, will 
be influenced by the cleaning facilities avail- 
able, and if, in fact, cleaning is even feasible. 


With water-soluble fluxes, aqueous cleaning 
of the substrate after soldering is mandatory. 
If thorough cleaning is not carried out, severe 
problems may arise in the field, due to corro- 
sion or short circuits caused by too low a 
surface resistance of the conductive resi- 
dues. 


For rosin-based fluxes, the need for cleaning 
will depend on the activity of the flux. Mildly- 
activated rosin residues can, in most cases, 
remain on the substrate where they will afford 
protection and insulation. In practice, for the 
great majority of electronic circuits, the 
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choice will be between an RA or an RMA 
rosin-based flux. 


Application of Flux 

Three basic factors determine the method of 
applying flux: the soldering process (wave or 
reflow), the type of substrate being processed 
(all-SMD or mixed print), and the type of flux. 


For wave soldering, the flux must be applied 
in liquid form before soldering. While it is 
possible to apply the flux at a separate fluxing 
station, with the high throughput rates de- 
manded to maximize the benefits of SMD 
technology, today's wave-soldering machines 
incorporate an integral fluxing station prior to 
the preheat stage. This enables the preheat 
stage to be used to dry the flux as well as 
preheat the substrate to minimize thermal 
shock. 


The most commonly-used methods of apply- 
ing flux for wave soldering are by foam, wave, 
or spray. 


Foam Fluxing 

Foam flux is generated by forcing low-pres- 
sure clean air through an aerator immersed in 
liquid flux (see Figure 1). The fine bubbles 
produced by the aerator are guided to the 
surface by a chimney-shaped nozzle. The 
substrates are passed across the top of the 
nozzle so that the solder side comes in 
contact with the foam and an even layer of 
flux is applied. As the bubbles burst, flux 
penetrates any plated-through holes in the 
substrate. 


Wave Fluxing 

A double-sided wave can also be used to 
apply flux, where the washing action of the 
wave deposits a layer of flux on the solder 
side of the substrate (see Figure 2). Wave- 
height control is essential and a soft, wipe-off 
brush should be incorporated on the exit side 
of the fluxing station to remove excess flux 
from the substrate. 
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Figure 1. Schematic Diagram 
of Foam Fluxer 
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Figure 2. Schematic Diagram 
of Wave Fluxer 


Spray Fluxing 

Several methods of spray fluxing exist; the 
most common involves a mesh drum rotating 
in liquid flux. Air is blown into the drum which, 
when passing through the fine mesh, directs 
a spray of flux onto the underside of the 
substrate (see Figure 3). Four parameters 
affect the amount of flux deposited: conveyor 
speed, drum rotation, air pressure, and flux 
density. The thickness of the flux layer can be 
controlled using these parameters, and can 
vary between 1 and 10um. 


The advantages and disadvantages of these 
three flux application techniques are outlined 
in Table 1. 


Flux Density 

One of the main control factors for fluxes 
used in machine soldering is the flux density. 
This provides an indication of the solids 
content of the flux, and is dependent on the 
nature of the solvents used. Automatic con- 
trol systems, which monitor flux density and 
inject more solvent as required, are commer- 
cially available, and it is relatively simple to 
incorporate them into the fluxing system. 
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Figure 3. Schematic Diagram 
of Spray Fluxer 
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PREHEATING 

Preheating the substrate before soldering 
serves several purposes. It dries the flux to 
evaporate most of the solvent, thus increas- 
ing the viscosity. If the viscosity is too low, the 
flux may be prematurely expelled from the 
substrate by the molten solder. This can 
result in poor wetting of the surfaces, and 
solder spatter. 


Drying the flux also accelerates the chemical 
action of the flux on the surfaces, and so 
speeds up the soldering process. During the 
preheating stage, substrate and components 
are heated to between 80°C and 90°C (sol- 
vent-based fluxes) or to between 100°C and 
110°C (water-based systems). This reduces 
the thermal shock when the substrate makes 
contact with the molten solder, and minimizes 
any likelihood of the substrate warping. 


The most common methods of preheating 
are: convection heating with forced air, radia- 
tion heating using coils, infrared quartz lamps 
or heated panels, or a combination of both 
convection and radiation. The use of forced 
air has the added advantage of being more 
effective for the removal of evaporated sol- 
vent. Optimum preheat temperature and du- 
ration will depend on the nature and design of 
the substrate and the composition of the flux. 


Figure 4 shows a typical method of preheat 
temperature control. The desired temperature 
is set on the control panel, and the micropro- 
cessor regulates preheater No. 1 to provide 
approximately 60% of the required heat. The 
IR detector scans the substrate immediately 
following No. 1 heater and reads the surface 
temperature. By taking into account the sur- 
face temperature, conveyor speed, and the 
thermal characteristics of the substrate, the 
microprocessor then calculates the amount 
of additional heat required to be provided by 
heater No. 2 in order to attain the preset 
temperature. In this way, each substrate will 
have the same surface temperature on reach- 
ing the solder bath. 


POSTSOLDERING CLEANING 

Now that worldwide efforts in both commer- 
cial and industrial electronics are converting 
old designs from conventional assembly to 
surface mounting, or a combination of both, it 
can also be expected that high-volume clean- 
ing systems will convert from in-line aqueous 
cleaners to in-line solvent cleaners or in-line 
saponification systems (a technique that uses 
an alkaline material in water to react with the 
rosin so that it becomes water soluble). 
These systems may, however, become sub- 
ject to environmental objections, and new 
governmental restrictions on the use of halo- 
genated hydrocarbons. 
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The major reason for this is that the water- 
soluble flux residues, containing a higher 
concentration of activators, or showing hygro- 
scopic behavior, are much more difficult to 
remove from SMD-populated substrates than 
rosin-based flux residues. This is primarily 
because the higher surface tension of water, 
compared to solvents, makes it difficult for 
the cleaning agents to penetrate beneath 
SMDs, especially the larger ones, with their 
greatly reduced off-contact distance (the dis- 
tance between component and substrate). 


Postsoldering cleaning removes any contami- 
nation, such as surface deposits, inclusions, 
occlusions, or absorbed matter which may 
degrade to an unacceptable level the chemi- 
cal, physical, or electrical properties of the 
assembly. The types of contaminant on sub- 
strates that can produce either electrical or 
mechanical failure over short or prolonged 
periods are shown in Table 2. 


All these contaminants, regardless of their 
origin, fall into one of two groups: polar and 
non-polar. 


Polar Contaminants 

Polar contaminants are compounds that dis- 
sociate into free ions which are very good 
conductors in water, quite capable of causing 
circuit failures. They are also very reactive 
with metals and produce corrosive reactions. 
It is essential that polar contaminants be 
removed from the substrates. 


Non-Polar Contaminants 

Non-polar contaminants are compounds that 
do not dissociate into free ions or carry an 
electrical current and are generally good 
insulators. Rosin is a typical example of a 
non-polar contaminant. In most cases, non- 
polar contamination does not contribute to 
corrosion or electrical failure and may be left 
on the substrate. It may, however, impede 
functional testing by probes and prevent good 
conformal coat adhesion. 


Solvents 

The solvents currently used for the post- 
soldering cleaning of substrates are normally 
organic based and are covered by three 
classifications: hydrophobic, hydrophillic, and 
azeotropes of hydrophobic/hydrophillic 
blends. 


Azeotropic solvents are mixtures of two or 
more different solvents which behave like a 
single liquid insomuch that the vapor pro- 
duced by evaporation has the same composi- 
tion as the liquid, which has a constant boiling 
point between the boiling points of the two 
solvents that form the azeotrope. The basic 
ingredients of the azeotropic solvents are 
combined with alcohols and stabilizers. 
These stabilizers, such as nitromethane, are 
included to prevent corrosive reaction be- 
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Table 1. Advantages and Disadvantages of Flux Application Methods 


soldering process 
@ Foam crest height not 
Critical 
@ Suitable for mixed-print 
substrates 


Foam 
Fluxing 
Wave 
Fluxing 
Spray 
fluxing 


tween the metallization of the substrate and 
the basic solvents. 


Can be used with any 
liquid flux 


soldering process 
@ Suitable for densely- 
populated mixed print 


® Can be used with most 
liquid fluxes 

@ Short preheat time if 
appropriate alcohol 
solvents are used 

@ Layer thickness is 

controllable 


Hydrophobic solvents do not mix with water 
at concentrations exceeding 0.2%, and con- 
sequently have little effect on ionic contami- 
nation. They can be used to remove non- 
polar contaminants such as rosin, oils, and 
greases. 


Hydrophillic solvents do mix with water and 
can dissolve both polar and non-polar con- 
tamination, but at different rates. To over- 
come these differences, azeotropes of the 
various solvents are formulated to maximize 
the dissolving action for all types of contami- 
nation. 


Solvent Cleaning 

Two types of solvent cleaning systems are in 
use today: batch and conveyorized systems, 
either of which can be used for high-volume 
production. In both systems, the contaminat- 
ed substrates are immersed in the boiling 
solvents, and ultrasonic baths or brushes may 
also be used to further improve the cleaning 
capabilities. 


The washing of rosin-based fluxes offers 
advantages and disadvantages. Washed sub- 
strates can usually be inserted into racks 
easier, as there will be no residues on their 
edges; test probes can make better contact 
without a rosin layer on the test points, and 
the removal of the residues makes it easier to 
visually examine the soldered joints. On the 
other hand, washing equipment is expensive, 
and so are the solvents, and some solvents 
present a health or environmental hazard if 
not correctly dealt with. 
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Method Advantages Disadvantages 


@ Compatible with continuous 


@ Compatible with continuous 


@ Not all fluxes have good foaming 
capabilities 

@ Losses throught evaporation may 
be appreciable 

@ Prolonged preheating because of 

high boiling point of solvents 


Wave crest height is critical to 
ensure good contact with bottom 
of substrate without 
contaminating the top 


High flux losses due to non- 
recoverable spray 

@ System requires frequent 
cleaning 


Aqueous Cleaning 

For high-volume production, special ma- 
chines have been developed in which the 
substrates are conveyor-fed through the vari- 
ous stages of spraying, washing, rinsing, and 
drying. The final rinse water is blown from the 
substrates to prevent any deposits from the 
water being left on the substrate. 


Where water-soluble fluxes have been used 
in the soldering process, substrate cleaning is 
mandatory. For the rosin-based fluxes, it is 
optional, and is often at the discretion of the 
customer. 


Conformal Coatings 

A conformal, or protective coating on the 
substrate, applied at the end of processing, 
prevents or minimizes the effects of humidity 
and protects the substrate from contamina- 
tion by airborne dust particles. Substrates 
that are to be provided with a conformal 
coating (dependent on the environmental 
conditions to which the substrate will be 
subjected) must first be washed. 


Environmental and Ecological 


Aspects of Fluxes and Solvents 
Fumes and vapors produced during soldering 
processes, or during cleaning, will not, under 
normal circumstances, present a health ha- 
zard, if relevant health and safety regulations 
are observed. 


Fumes originating from colophony can cause 
respiratory problems, so an efficient fume- 
extraction system is essential. The extraction 
system must cover the fluxing, preheating, 
and soldering stations, remain operational for 
at least one hour after machine shutdown, 
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and conform to local regulations. Today, the 
problem of noxious fumes is unlikely to con- 
cern the cleaning station, as all commercial 
systems are equipped to condense the va- 
pors back into the system. In the future, 
however, it can be expected that a much 
lower degree of escape of noxious fumes 
from any system will be allowed, and all 
systems may have to be reviewed. 


Certain fluxes, particularly some water-solu- 
ble ones, contain highly aggressive sub- 
stances, and must not be allowed to come 
into contact with the skin or eyes. Any con- 
tamination should immediately be removed 
with plenty of clean, fresh water. Deionized 
water should also be readily available as an 
eye-wash. Should contamination occur, a 
qualified medical practitioner should be con- 
sulted. Protective clothing should be worn 
during cleaning or maintenance of the fluxing 
station. 


Conclusion 

SMD technology imposes tougher restraints 
on fluxing and cleaning of substrate assem- 
blies. Traditionally, rosin-based fluxes have 
been used in electronic soldering where resi- 
dues were considered ''safe'' and could be 
left on the board. However, increased SMD 
packing density, fine-line tracks, and more 
rigid specifications have resulted in changes 
to this basic philosophy. 


There is now a demand for surfaces free from 
residues; test probes are more efficient when 
they do not have to penetrate rosin flux 
residues, and conformal coating and board 
inspection benefit from the absence of such 
residues. 


Cleaning also poses problems for SMD sub- 
strates. The close proximity of component 
and substrate means that solvents cannot 
effectively clean beneath devices. Compo- 
nents must also be compatible with the clean- 
ing process. They must, for example, be 
resistant to the solvents used and to the 
temperatures of the cleaning process. They 
must also be sealed to prevent cleaning fluids 
from entering the devices and degrading 
performance. 


So, eliminating the need for cleaning is better 
than poor or incomplete cleaning. And in a 
well-balanced system, mildly-activated rosin- 
based fluxes, leaving only non-corrosive resi- 
dues, can be successfully used for SMD 
substrate soldering without subsequent 
cleaning. 


Much research into fluxes and solder creams 
is presently being done — for example, the 
production of synthetic resin, with qualities 
superior to colophony at a lower cost. Anoth- 
er area of research is that of solder creams 
with non-melting additives, such as lead or 
ceramic spheres, that increase the distance 
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Figure 4. Schematic Diagram of a Typical Controlled Preheat System 


Table 2. Substrate Contaminants between component and substrate, thus 
making it easier for cleaning fluids to pene- 
Contaminant [| Origin trate beneath the component. It also in. 


Organic compounds Fluxes, solder mask creases the joint's ability to withstand thermal 
Inorganic insoluble compounds Photo-resists, substrate processing cycling. 


Organo-metallic compounds Fluxes, substrate processing 
Inorganic soluble compounds Fluxes 
Particle matter Dust, fingerprints 


Rosin-free and halide-free fluxes are also 
being developed with similar activities to con- 
ventional rosin-based fluxes. These new 
types will combine the ''safety'' of rosin 
fluxes with easier removal in conventional 
solvents. Using non-polar materials, ionizable 
or corrosive residues are eliminated, and the 
need for cleaning immediately after soldering 
is avoided. 
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INTRODUCTION 

Thermal characteristics of integrated circuit 
(IC) packages have always been a major 
consideration to both producers and users of 
electronics products. This is because an in- 
crease in junction temperature (Tj) can have 
an adverse effect on the long-term operating 
life of an IC. As will be shown in this section, 
the advantages realized by miniaturization 
can often have trade-offs in terms of in- 
creased junction temperatures. Some of the 
VARIABLES affecting Ty are controlled by 
the PRODUCER of the IC, while others are 
controlled by the USER and the ENVIRON- 
MENT in which the device is used. 


With the increased use of Surface-Mount 
Device (SMD) technology, management of 


nin 


SO LEADFRAME 


Wi 
MN 


DIP LEADFRAME 
0087708 


a. SO-14 Leadframe Compared 
to a 14-Pin DIP Leadframe 
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thermal characteristics remains a valid con- 
cern, not only because the SMD packages 
are much smaller, but also because the 
thermal energy is concentrated more densely 
on the printed wiring board (PWB). For these 
reasons, the designer and manufacturer of 
surface-mount assemblies (SMAs) must be 
more aware of all the variables affecting Ty. 


POWER DISSIPATION 

Power dissipation (Pp), varies from one de- 
vice to another and can be obtained by 
multiplying Voc Max by typical loc. Since Ico 
decreases with an increase in temperature, 
maximum Ico values are not used. 


DIP LEADFRAME 


THERMAL RESISTANCE 

The ability of the package to conduct this 
heat from the chip to the environment is 
expressed in terms of thermal resistance. The 
term normally used is Theta JA (@ja). Oya is 
often separated into two components: ther- 
mal resistance from the junction to case, and 
the thermal resistance from the case to 
ambient. 0), represents the total resistance 
to heat flow from the chip to ambient and is 
expressed as follows: 


Ajo + Oca = Ayn 


JUNCTION TEMPERATURE (Ty) 
Junction temperature (Ty) is the temperature 
of a powered IC measured by Signetics at the 


PLCC LEADFRAME 


CD08781S 


b. PLCC-68 Leadframe Compared 
to a 64-Pin DIP Leadframe 


Figure 1 
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substrate diode. When the chip is powered, 
the heat generated causes the Ty to rise 
above the ambient temperature (Ta). Ty is 
calculated by multiplying the power dissipa- 
tion of the device by the thermal resistance of 
the package and adding the ambient temper- 
ature to the result. 


Ty = (Pp X Oya) + Ta 


FACTORS AFFECTING 6), 

There are several factors which affect the 
thermal resistance of any IC package. Effec- 
tive thermal management demands a sound 
understanding of all these variables. Package 
variables include the leadframe design and 
materials, the plastic used to encapsulate the 
device, and, to a lesser extent, other vari- 
ables such as the die size and die attach 
methods. Other factors that have a significant 
impact on the 0), include the substrate upon 
which the IC is mounted, the density of the 
layout, the air-gap between the package and 
the substrate, the number and length of 
traces on the board, the use of thermally- 
conductive epoxies, and external cooling 
methods. 


PACKAGE CONSIDERATIONS 
Studies with dual in-line plastic (DIP) pack- 
ages over the years have shown the value of 
proper leadframe design in achieving mini- 
mum thermal resistance. SMD leadframes 
are smaller than their DIP counterparts (see 
Figures 1a and 1b). Because the same die is 
used in each of the packages, the die-pad, or 
flag, must be at least as large in the SO as in 
the DIP. 


While the size and shape of the leads have a 
measurable effect on Oa, the design factors 
that have the most significant effect are the 
die-pad size and the tie-bar size. With design 
constraints caused by both miniaturization 
and the need to assemble packages in an 
automated environment, the internal design 
of an SMD is much different than in a DIP. 
However, the design is one that strikes a 
balance between the need to miniaturize, the 
need to automate the assembly of the pack- 
age, and the need to obtain optimum thermal 
characteristics. 


LEAD FRAME MATERIAL is one of the more 
important factors in thermal management. 
For years, the DIP leadframes were con- 
structed out of Alloy-42. These leadframes 
met the producers’ and users' specifications 
in quality and reliability. However, three to five 
years ago the leadframe material of DIPs was 
changed from Alloy-42 to Copper (CLF) in 
order to provide reduced 8), and extend the 
reliable temperature-operating range. While 
this change has already taken place for the 
DIP, it is still taking place for the SO package. 


February 1987 


Signetics began making 14-pin SO packages 
with CLF in April 1984 and completed conver- 
sion to CLF for all SO packages by 1985. As 
is shown in Figures 10 through 14, the 
change to CLF is producing dramatic results 
in the 6j4 of SO packages. All PLCCs are 
assembled with copper leadframes. 


The MOLDING COMPOUND is another factor 
in thermal management. The compound used 
by Signetics and Philips is the same high 
purity epoxy used in DIP packages (at pres- 
ent, HC-10, Type Il). This reduces corrosion 
caused by impurities and moisture. 


OTHER FACTORS often considered are the 
die-size, die-attach methods, and wire bond- 
ing. Tests have shown that die size has a 
minor effect on 6), (see Figures 10 through 
14). 


While there is a difference between the 
thermal resistance of the silver-filled adhesive 
used for die attach and a gold silicon eutectic 
die attach, the thickness of this layer (1-2 
mils) is so small it makes the difference 
insignificant. 


Gold-wire bonding in the range of 1.0 to 1.3 
mils does not provide a significant thermal 
path in any package. 


In summary, the SMD leadframe is much 
smaller than in a DIP and, out of necessity, is 
designed differently; however, the SMD pack- 
age offers an adequate 6), for all moderate 
power devices. Further, the change to CLF 
will reduce the 6), even more, lowering the Ty 
and providing an even greater margin of 
reliability. 


SIGNETICS' THERMAL 
RESISTANCE 
MEASUREMENTS — SMD 
PACKAGES 


The graphs illustrated in this application note 
show the thermal resistance of Signetics' 
SMD devices. These graphs give the relation- 
ship between 6), (junction-to-ambient) or Ojc 
(junction-to-case) and the device die size. 
Data is also provided showing the difference 
between still air (natural convection cooling) 
and air flow (forced cooling) ambients. All 04 
tests were run with the SMD device soldered 
to test boards. It is important to recognize 
that the test board is an essential part of the 
test environment and that boards of different 
sizes, trace layouts, or compositions may give 
different results from this data. Each SMD 
user should compare his system to the 
Signetics test system and determine if the 
data is appropriate or needs adjustment for 
his application. 
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Test Method 

Signetics uses what is commonly called the 
TSP (temperature-sensitive parameter) meth- 
od. This method meets MIL-STD 883C, Meth- 
od 1012.1. The basic idea of this method is to 
use the forward voltage drop of a calibrated 
diode to measure the change in junction 
temperature due to a known power dissipa- 
tion. The thermal resistance can be calculat- 
ed using the following equation: 


Test Procedure 


TSP Calibration 

The TSP diode is-calibrated using a constant- 
temperature oil bath and constant-current 
power supply. The calibration temperatures 
used are typically 25°C and 75°C and are 
measured to an accuracy of +0.1°C. The 
calibration current must be kept low to avoid 
significant junction heating; data given here 
used constant currents of either 1.0mA or 
3.0mA. The temperature coefficient (K-Fac- 
tor) is calculated using the following equation: 


To — Ty 
= ———— | Ir = Constant 
Veo —- VF 
Where: K = Temperature Coefficient (°C/mvV) 


Tz =Higher Test Temperature (°C) 

T; = Lower Test Temperature (°C) 

Veo = Forward Voltage at Ir and To 

Vre1 = Forward Voltage at Ir and T, 

l—- =Constant Forward Measure- 
ment Current 

(See Figure 2) 


SLOPE =1/K 
V_ (VOLTS) 


T, (°C) 
OP02350S 


Figure 2. Forward Voltage — Junction 
Temperature Characteristics of a 
Semiconductor Junction Operating at 
a Constant Current. The K Factor is 
the Reciprocal of the Slope 


Thermal Resistance 


Measurement 

The thermal resistance is measured by apply- 
ing a sequence of constant current and 
constant voltage pulses to the device under 
test. The constant current pulse (Same cur- 
rent at which the TSP was calibrated) is used 
to measure the forward voltage of the TSP. 
The constant voltage pulse is used to heat 
the part. The measurement pulse is very short 
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(less than 1% of cycle) compared to the 
heating pulse (greater than 99% of cycle) to 
minimize junction cooling during measure- 
ment. This cycle starts at ambient tempera- 
ture and continues until steady-state condi- 
tions are reached. The thermal resistance 
can then be calculated using the following 
equation: 


Pp Vu XX IH 


Where: Vea = Forward Voltage of TSP at Am- 
bient Temperature (mV) 


Ves = Forward Voltage of TSP at 
Steady-State Temperature 
(mV) 


Vy = Heating Voltage (V) 
ly = Heating Current (A) 
Test Ambient 


Oya Tests 

All 6) test data collected in this application 
note was obtained with the SMD devices 
soldered to either Philips SO Thermal Resis- 
tance Test Boards or Signetics PLCC Ther- 
mal Resistance Test Boards with the follow- 
ing parameters: 


—SO Small 

1.12” X 0.75" X 0.059” 
— SO Large: 

1.58” X 0.75” & 0.059” 
— PLCC: 

2.24" X 2.24" K 0.062” 


Board size 


Board Material— Glass epoxy, FR-4 type 
with 10z. sq.ft. copper sol- 
der coated 


Board Trace Configuration — See Figure 3. 


SO devices are set at 8-9mil stand-off and 
SO boards use one connection pin per device 
lead. PLCC boards generally use 2-4 con- 
nection pins regardless of device lead count. 
Figure 5 shows a cross-section of an SO part 
soldered to test board, and Figure 4 shows 
typical board/device assemblies ready for 0 
Test. 


The still-air tests were run in a box having a 
volume of 1 cubic foot of air at room tempera- 
ture. The air-flow tests were run in a 4” x 4” 
cross-section by 26” long wind tunnel with air 
at room temperature. All devices were 
soldered on test boards and held in a horizon- 
tal test position. The test boards were held in 
a Textool ZIF socket with 0.16” stand-off. 
Figure 6 shows the air-flow test setup. 


Ojc Tests 

The jc test is run by holding the test device 
against an "'infinite'' heat sink (water-cooled 
block approximately 4” 7” < 0.75”) to give 
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Figure 3. Board Trace Configuration for Thermal Resistance Test Boards 


Figure 4. Device/Board Assemblies 


a Qa (case-to-ambient) approaching zero. 
The copper heat sink is held at a constant 
temperature (*~20°C) and monitored with a 
thermocouple (0.040” diameter sheath, 
grounded junction type K) mounted flush with 
heat-sink surface and centered below die in 
the test device. Figure 7 shows the @jc test 
mounting for a PLCC device. 


SO devices are mounted with the bottom of 
the package held against the heat sink. This 
is achieved by bending the device leads 
Straight out from the package body. Two 
small wires are soldered to the appropriate 
leads for tester connection. Thermal grease 
is used between the test device and heat sink 
to assure good thermal coupling. 


PLCC devices are mounted with the top of 
the package held against the heat sink. A 
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TEST DEVICE 
PART STAND-OFF 


TEST BOARD 
PLASTIC PIN 
SUPPORT 
CONNECTION 
PINS 


AF03300S 


Figure 5. Cross-Section of Test Device 
Soldered to Test Board 


small spacer is used between the hold-down 
mechanism and PLCC bottom pedestal. 
Small hook-up wires and thermal grease are 
used as with the SO setup. Figure 7 shows 
the PLCC mounting. 
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SO DEVICES 


TEST DEVICE 


x 


y—— TEST BOARD 


TEST BOARD STAND-OFF 


TEXTOOL ZIF SOCKET 


SUPPORT 
BOARD 


AF03280S 


SO Devices 


PLCC DEVICES 


<—- AIR FLOW 


TEST DEVICE 
TEST BOAR 


‘support BOARD 


AF03330S 


PLCC Devices 


Figure 6. Air-Flow Test Setup 


DATA PRESENTATION 

The data presented in this application note 
was run at constant power dissipation for 
each package type. The power dissipation 
used is given under Test Conditions for each 
graph. Higher or lower power dissipation will 
have a slight effect on thermal resistance. 
The general trend of thermal resistance de- 
creasing with increasing power is common to 
all packages. Figure 8 shows the average 
effect of power dissipation on SMD 64a. 


Thermal resistance can also be affected by 
slight variations in internal leadframe design 
such as pad size. Larger pads give slightly 
lower thermal resistance for the same size 
die. The data presented represents the typi- 
cal Signetics leadframe/die combinations 
with large die on large pads and small die on 
small pads. The effect of leadframe design is 
within the +15% accuracy of these graphs. 


SO devices are currently available in both 
copper or alloy 42 leadframes; however, 
Signetics is converting to copper only. PLCC 
devices are only available using copper lead- 
frames. 


The average lowering effect of air flow on 
SMD @j, is shown in Figure 9. 


Thermal Calculations 
The approximate junction temperature can be 
calculated using the following equation: 


Ty = (8a X Pp) + Ta 
Where: Ty = Junction Temperature (°C) 


6ja= Thermal Resistance Junction- 
to-Ambient (°C/W) 


Pp = Power Dissipation at a Ty 
(Vcc X lec) (W) 


Ta = Temperature of Ambient (°C) 
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Example: Determine approximate junction 
temperature of SOL-20 at 0.5W dis- 
sipation using 10,000 sq. mil die 
and copper leadframe in still air and 
200 LFPM air-flow ambients. Given 
Ta = 30°C, 


1. Find 8), for SOL-20 using 10,000 
sq. mil die and copper leadframe 
from typical 0), data— SOL-20 
graph. 


Answer: 88°C/W @ 0.7W 


2. Determine 6), @ 0.5W using Av- 
erage Effect of Power Dissipation 
on AMD @ya, Figure 8. 


Percent change in Power 


_ 0.5W -0.7W 
0.7W 


x 100 


= -28.6% 


iia gt RANGE 
to 1.0W 
pLot: 0. 4 . 2.0W 


PERCENT CHANGE IN 0, 


-60-40-20 0 20 40 60 80 100 120 140 
PERCENT CHANGE IN POWER 


OP02370S 


Figure 8. Average Effect of Power 
Dissipation on SMD Oj, 
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CONNECTION 


HOLD-DOWN 

MECHANISM 
SPACER 
PLCC’S ONLY 


WIRES 


A Qin -_E 


THERMAL 
GREASE 


THERMOCOUPLE 


PERCENT CHANGE IN 0), 


Figure 7. Ojc Test Setup 
With PLCC Device 


From Figure 8: 
28.6% change in power gives 
3.5% increase in Oj, 


Answer: 
88°C/W + (88 X 0.035) 
=91°C/W @ 0.5W 


3. Determine 8), @ 0.5W in 200 
LFPM air flow from Average Ef- 
fect of Air Flow on SMD @ja, 
Figure 9. 


From Figure 9: 200 LFPM air flow 
gives 14% decrease in Oj, 


Answer: 


91°C/W - (91 X 0.14) = 78°C/W 


4.Calculate approximate junction 
temperature 


Answer: 

Ty (still-air) 

= (91°C/W X 0.5W) + 30 
= 76°C 

Ty (200 LFPM) 

= (78°C/W X 0.5W) + 30 
= 69°C 


he REET 


AIR FLOW (LFPM) 


OP02361S 


Figure 9. Average Effect of Air Flow 
on SMD 05a 
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Typical 6,, Data SO-8' Typical 6,, Data SO-14' Typical 6, Data SO-16' 
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Typical 6, Data SOL-24° 


Typical 6, Data SOL-16? Typical 6,, Data SOL-20° 
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NOTES: 

1. TEST CONDITIONS: 

Test ambient: Still air 

Power dissipation: 0.5W 

Test fixture: Philips PCB (1.12” X 0.75” X 0.059”) 
Accuracy: +15% 


Typical 6,, Data SOL-28% 


2. TEST CONDITIONS: 


Oy, (°C/W) 


ALLOY 42 LEADFRAME 


a 
COPPER LEADFRAME 


0 5 10 1 20 25 30 35 40 45 50 
DIE SIZE (SQ MILS x 1000) 


OP02441S 


Test ambient: 
Power dissipation: 
Test fixture: 
Accuracy: 


3. TEST CONDITIONS: 


Test ambient: 
Power dissipation: 
Test fixture: 
Accuracy: 


Still air 

0.5W 

Philips PCB (1.58” < 0.75” 0.059”) 
+15% 


Still air 

0.7W 

Philips PCB (1.58” X 0.75” < 0.059”) 
+15% 


Figure 10. Typical SMD Thermal (8j5,) Characteristics 
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84, (°C/W) 


Typical 6,, Data PLCC-201 
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Typical 6, Data PLCC-52' 
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Typical 6,, Data PLCC-281 
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Typical 6,, Data PLCC-682 
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Typical 6), Data PLCC-44' 
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Typical 6), Data PLCC-84° 
100 
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NOTES: 

1. TEST CONDITIONS: 
Test ambient: 

Power dissipation: 

Test fixture: 


3. TEST CONDITIONS: 
Test ambient 

Power dissipation: 

Test fixture: 


2. TEST CONDITIONS: 
Test ambient: 

Power dissipation: 

Test fixture: 


Still air 

1.5W 

Signetics PCB 

(2.24” X 2.24” X 0.062”) 
+15% 


Still air 

1.0W 

Signetics PCB 

(2.24" K 2.24” X 0.062”) 
+15% 


Still air 

0.75W 

Signetics PCB 

(2.24” X 2.24” X 0.062”) 
+15% Accuracy: 


Accuracy: Accuracy: 


Figure 11. Typical SMD Thermal (0),) Characteristics 
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Typical 6), Data SO-81 Typical 6), Data SO-14 1 Typical 6;- Data SO-16' 
50 50 
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NOTES: 

1. TEST CONDITIONS: 

Power dissipation: 0.5W 

Test fixture: "Infinite'’ heat sink 
Accuracy: +15% 


2. TEST CONDITIONS: 

Power dissipation: 0.7W 

Test fixture: "Infinite'’ heat sink 
Accuracy: +15% 


3. TEST CONDITIONS: 

Power dissipation: 1.0W 

Test fixture: Infinite’ heat sink 
Accuracy: +15% 


8 yo (°C/W) 


0 5 10 1 20 25 30 35 40 45 50 
DIE SIZE (SQ MILS x 1000) 
oPo2570S 


Figure 12. Typical SMD Thermal (8j;c) Characteristics 
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Typical 6), Data PLCC-201 
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Typical 0, Data PLCC-282 
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Typical 6, Data PLCC-522 
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NOTES: 

1. TEST CONDITIONS: 

Power dissipation: 0.75W 

Test fixture: "Infinite'’ heat sink 
Accuracy: +15% 


2. TEST CONDITIONS: 

Power dissipation: 1.0W 

Test fixture: "infinite’’ heat sink 
Accuracy: +15% 


3. TEST CONDITIONS: 

Power dissipation: 2.0W 

Test fixture: "Infinite'' heat sink 
Accuracy: +15% 


Figure 13. Typical SMD Thermal (8jc) Characteristics 
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Effect of Device Stand-Off Effect of Board Size Effect of Trace Length on 
on SO Oj, ' on SO 6,2 28-Lead PLCC 05, ° 


78 150 55 
345 6 7 8 9 0 H 12 13 14 15 23 4 5 6 7 8 9 1 0 01 0.2 0.3 04 0.5 0.6 0.7 0.8 0.9 1.0 
DEVICE STAND-OFF (MILS) BOARD SIZE (SQ IN) AVERAGE TRACE LENGTH (INCHES) 


OP02641S OP02651S OP02672S 
NOTES: NOTES: NOTES: 
1. TEST CONDITIONS 2. TEST CONDITIONS 3. TEST CONDITIONS 
Package type: SOL-20 CLF Package type: SOL-14 CLF Package type: PLCC-28 CLF 
Die size: 11,322sq.mils Die size: 5,040sq.mils Die size: 10,445sq.mils 
Test Ambient: Still-air Test Ambient: Still-air Test Ambient: Still-air 
Power dissipation: 0.75W Power dissipation: 0.6W Power dissipation: 1.0W 
Test fixture: Phillips PCB Test fixture: 0.062" thick PCB with Test fixture: Signetics PCB 
(1.58'' X 0.75"' X 0.059"') "no traces'' 8 - 9mil (2.24"' X 2.24" 0.062") 
stand-off trace 27mil-wide 10z sq.ft 
copper 


Figure 14 
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SYSTEM CONSIDERATIONS 

With the increases in layout density resulting 
from surface mounting with much smaller 
packages, other factors become even more 
important. THE USER IS IN CONTROL OF 
THESE FACTORS. 


One of the most obvious factors is the 
substrate material on which the parts are 
mounted. Environmental constraints, cost 
considerations, and other factors come into 
play when choosing a substrate. The choice 
is expanding rapidly, from the standard glass 
epoxy PWB materials and ceramic substrates 
to flexible circuits, injection-molded plastics, 
and coated metals. Each of these has its own 
thermal characteristics which must be consid- 
ered when choosing a substrate material. 


Studies have shown that the air gap between 
the bottom of the package and the substrate 
has an effect on @j,. The larger the gap, the 
higher the @ja. Using thermally conductive 
epoxies in this gap can slightly reduce the 
Oya. 


It has long been recognized that external 
cooling can reduce the junction temperatures 
of devices by carrying heat away from both 
the devices and the board itself. Signetics 
has done several studies on the effects of 
external cooling on boards with SO pack- 
ages. The results are shown in Figures 15 
through 18. 


The designer should avoid close spacing of 
high power devices so that the heat load is 
spread over as large an area as possible. 
Locate components with a higher junction 
temperature in the cooler locations on the 
PCBs. 


The number and size of traces on a PWB can 
affect 6), since these metal lines can act as 
radiators, carrying heat away from the pack- 
age and radiating it to the ambient. Although 
the chips themselves use the same amount 
of energy in either a DIP or an SO package, 
the increased density of a surface-mounted 
assembly concentrates the thermal energy 
into a smaller area. 


It is evident that nothing is free in PWB layout. 
More heat concentrated into a smaller area 
makes it incumbent on the system designer 
to provide for the removal of thermal energy 
from his system. 


Large conductor traces on the PCB conduct 
heat away from the package faster than small 
traces. Thermal vias from the mounting sur- 
face of the PCB to a large area ground plane 
in the PCB reduce the heat buildup at the 
package. 


In addition to the package's thermal consider- 
ations, thermal management requires one to 
at least be aware of potential problems 
caused by mismatch in thermal expansion. 
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Figure 15. Results of Air Flow on dja 
on SO-14 With Copper Leadframe 
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Figure 17. Results of Air Flow on 0jq 
on SO-16 With Copper Leadframe 


The very nature of the SMD assembly, where 
the devices are soldered directly onto the 
surface, not through it, results in a very rigid 
structure. If the substrate material exhibits a 
different thermal coefficient of expansion 
(TCE) than the IC package, stresses can be 
set up in the solder joints when they are 
subjected to temperature cycling (and during 
the soldering process itself) that may ulti- 
mately result in failure. 


Because some of the boards assembled will 
require the use of Leadless Ceramic Chip 
Carriers (LCCCs), TCE must be understood. 
As will be seen below, TCE is less of a 
problem with the commercial SMD packages 
with leads. 


Take the example of a leadless ceramic chip 
carrier with a TCE of about 6 x 10~°/°C 
soldered to a conventional glass-epoxy lami- 
nate with a TCE in the region of 16 x 10~°/ 
°C. This thermal expansion mismatch has 
been shown to fracture the solder joints 
during thermal cycling. Substrate materials 
with matched TCEs should be evaluated for 
these SMD assemblies to avoid problems 
caused by thermal expansion mismatch. 


15-31 


0 3 6 9 12 15 18 21 24 27 30 
DIE SIZE (SQ MILS~ 1000) 


OP02701S 


Figure 16. Results of Air Flow on 0ja 
on SOL-16 With Copper Leadframe 
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Figure 18. Results of Air Flow on Oj, 
on SOL-20 With Copper Leadframe 


The stress level associated with thermal ex- 
pansion and contraction of small SMDs such 
as capacitors and resistors, where the actual 
change in length is small, is normally rather 
low. However, as component sizes increase, 
stresses can increase substantially. 


Thermal expansion mismatch is unlikely to 
cause too many problems in systems operat- 
ing in benign environments; but, in harsher 
conditions, such as thermal cycling in military 
or avionic applications, the mechanical 
stresses set up in solder joints due to the 
different TCEs of the substrate and the com- 
ponent are likely to cause failure. 


The basic problem is outlined in Figure 19. 
The leadless SMD is soldered to the sub- 
strate as shown, resulting in a very rigid 
structure. If the substrate material exhibits a 
different TCE from that of the SMD material, 
the amount of expansion for each will differ 
for any given increase in temperature. The 
soldered joint will have to accommodate this 
difference, and failure can ultimately result. 
The larger the component size, the higher the 
stress levels so that this phenomenon is at its 
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most critical in applications requiring large 
LCCCs with high pin counts. 


TCE OF SMD =6 x 10-4%/K 


SUBSTRATE 


TCE OF SUBSTRATE =16 x 10-4%/K 


AF03310S 


NOTE: 
Data provided by N.V. Philips 


Figure 19. The Basic Problem of 
Thermal Expansion Mismatch Is That 
the Substrate and Component May 
Each Have Different Thermal 
Coefficients of Expansion 


To address this problem, three basic solu- 
tions are emerging. First, the use of leadless 
ceramic chip carriers can sometimes be 
avoided by using leaded devices; the leads 
can flex and absorb the stress. Second, when 
this solution is not feasible, the stresses can 
be taken up by inserting a compliant elasto- 
meric layer between the ceramic package 
and the epoxy glass substrate. Third, TCE 
values of component and substrate can be 
matched. 


USING LEADED DEVICES 
(SO, SOL, and PLCC) 


The current evolution in commercial electron- 
ics includes the adoption of the commercial 
SMD packages, i.e., SO with gull-wing leads 
or the PLCC with rolled-under J-leads, rely on 
the compliance of the leads themselves to 
avoid any serious problems of thermal expan- 
sion mismatch. At elevated temperatures, the 
leads flex slightly and absorb most of the 
mechanical stress resulting from the thermal 
expansion differentials. 


Similarly, leaded holders can be used with 
LCCCs to attach them to the substrate and 
thus absorb the stress. 


Unfortunately, using a lead does not always 
ensure sufficient compliancy. The material 
from which the lead is made, and the way it is 
formed and soldered can adversely affect it. 
For example, improper soldering techniques, 
which cause excess solder to over-fill the 
bend of the gull-wing lead of an SO, can 
significantly reduce the lead's compliancy. 


COMPLIANT LAYER 

This approach introduces a compliant layer 
onto the interface surface of the substrate to 
absorb some of the stresses. A 50um thick 
elastomeric layer is bonded to the laminate. 
To make contacts, carbon or metallic pow- 
ders are introduced to form conductive 
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stripes in the nonconductive elastomer mate- 
rial. Unfortunately, substrates using this tech- 
nique are substantially more expensive than 
standard uncoated boards. 


Another solution is to increase the complian- 
cy of the solder joint. This is done by increas- 
ing the stand-off height between the under- 
side of the component and the substrate. To 
do this, a solder paste containing lead or 
ceramic spheres which do not melt when the 
surrounding solder reflows, thus keeping the 
component above the substrate, can be 
used. 


MATCHING TCE 

There are two ways to approach this solution. 
The TCE of the substrate laminate material 
can be matched to that of the LCCC either by 
replacing the glass fibers with fibers exhibiting 
a lower TCE (composites such as epoxy- 
Keviar®or polyimide-Kevlar and polyimide- 
quartz), or by using low TCE metals (such as 
Invar®, Kovar, or molybdenum). 


This latter approach involves bonding a glass- 
polyimide or a glass-epoxy multilayer to the 
low TCE restraining core material. Typical of 
such materials are copper-invar-copper, Al- 
loy-42, copper-molybdenum-copper, and cop- 
per-graphite. These restraining-core con- 
structions usually require that the laminate be 
bonded to both sides to form a balanced 
structure so that they will not warp or twist. 


This inevitably means an increase in weight, 
which has always been a negative factor in 
this approach. However, the SMD substrate 
can be smaller and the components more 
densely packed, in many cases overcoming 
the weight disadvantages. On the positive 
side, the material's high thermal conductivity 
helps to keep the components cool. More- 
over, copper-clad Invar lends itself readily to 
moisture-proof multilayering for the creation 
of ground and power planes and for providing 
good inherent EMI/RFI shielding. 


Keviar is lighter and widely used for sub- 
strates in military applications; but, it suffers 
from a serious drawback which, although 
overcome to a certain extent by careful atten- 
tion to detail, can cause problems. The mate- 
rial, when laminated, can absorb moisture 
and chemical processing fluids around the 
edges. Thermal conductivity, machinability, 
and cost are not as attractive as for copper- 
clad Invar. 


For the majority of commercial substrates, 
however, where the use of ceramic chip 
Carriers in any quantity is the exception rather 
than the rule, and when adequate cooling is 
available, the mismatch of TCEs poses little 
or no problem. For these substrates, tradition- 
al FR-4 glass-epoxy and phenolic-paper will 
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no doubt remain the most widely-used mate- 
rials. 


Although FR-4 epoxy-glass has been the 
traditional material for plated-through profes- 
sional substrates, it is phenolic-paper lami- 
nate (FR-2) which finds the widest use in 
consumer electronics. While it is the cheap- 
est material, it unfortunately has the lowest 
dimensional stability, rendering it unsuitable 
for the mounting of LCCCs. 


SUBSTRATE TYPES 

FR-4 glass-epoxy substrates are the most 
commonly used for commercial electronic 
circuits. They have the advantage of being 
cheap, machinable, and lightweight. Sub- 
strate size is not limited. On the negative side, 
they have poor thermal conductivity and a 
high TCE, between 13 and 17 x 10~§/°C. 
This means they are a poor match to ceramic. 


Glass polyimide substrates have a similar 
TCE range to glass-epoxy boards, but better 
thermal conductivity. They are, however, 
three to four times more expensive. 


Polyimide Keviar substrates have the advan- 
tage of being lightweight and not restricted in 
size. Conventional substrate processing 
methods can be used and its TCE (between 4 
and 8), matches that of ceramic. Its disadvan- 
tages are that it is expensive, difficult to drill, 
and is prone to resin microcracking and water 
absorption. 


Polyimide quartz substrates have a TCE be- 
tween 6 and 12, making them a good match 
for LCCCs. They can be processed using 
conventional techniques, although drilling 
vias can be difficult. They have good dielec- 
tric properties and compare favorably with 
FR-4 for substrate size and weight. 


Alumina (ceramic) substrates are used exten- 
sively for high-reliability military applications 
and thick-film hybrids. The weight, cost, limit- 
ed substrate size and inherent brittleness of 
alumina means that its use as a substrate 
material is limited to applications where these 
disadvantages are outweighed by the advan- 
tage of good thermal conductivity and a TCE 
that exactly matches that of LCCCs. A further 
limitation is that they require thick-film screen- 
ing processing. 


Copper-clad Invar substrates are the leading 
contenders for TCE control at present. It can 
be tailored to provide a selected TCE by 
varying the copper-to-Invar ratio. Figure 20 
shows the construction of a typical multilayer 
substrate employing two cores providing the 
power and ground planes. Plated-through 
holes provide an integral board-to-board in- 
terconnection. The low TCE of the core 
dominates the TCE of the overall substrate, 
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making it possible to mount LCCCs with 
confidence. 


Because the TCE of copper is high, and that 
of Invar is low, the overall TCE of the sub- 
strate can be adjusted by varying the thick- 


ness of the copper layers. Figure 21 plots the 
TCE range of the copper-clad Invar as a 
function of copper thickness and shows the 
TCE range of each of several other materials 
to which the clad material can be matched. 


COPPER CLAD INVAR 


GROUND PLANE 


COPPER CLAD INVAR ' 


PLATED-THROUGH HOLES 


COPPER TRACES 


POWER PLANE 


NOTE: 
Data provided by N.V. Philips 


For example, if the TCE of Alumina is to be 
matched, then the core should have about 
46% thickness of copper. When this material 
is used as a thermal mounting plane, it also 
acts as a heatsink. 


AF03320S 


Figure 20. Section Through a Typical Multilayer Substrate Incorporating Copper-Clad Invar Ground and 
Power Planes, Interconnected via Plated-Through Holes 


NOTE: 
Data provided by N.V. Philips 
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Figure 21. The TCE Range of Copper-Clad Invar as a Function of Copper Thickness 
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Table 1. Substrate Material Properties 


SUBSTRATE MATERIAL 


Polyimide quartz 
Copper-clad Invar 


Compliant layer 
Substrate 


NOTES: 


Compliant layer conforms to TCE of the LCCC and to base substrate material. 


Data provided by N.V. Philips © 


KEVLAR® is a registered trademark of DU PONT. 


INVAR® is a registered trademark of TEXAS INSTRUMENTS. 


CONCLUSION 

Thermal management remains a major con- 
cern of producers and users of ICs. The 
advent of SMD technology has made a thor- 
ough understanding of the thermal character- 
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istics of both the devices and the systems 
they are used in mandatory. The SMD pack- 
age, being smaller, does have a higher 6), 
than its standard DIP counterpart . . . even 
with copper leadframes. That is the major 
trade-off one accepts for package miniatur- 
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TCE (107§/°C) THERMAL CONDUCTIVITY (W/m°K) 


6.4 (typical) 165 (lateral) 
16 (transverse) 


2 rr ee eee er re 


ization. However, consideration of all the 
variables affecting IC junction temperatures 
will allow the user to take maximum advan- 
tage of the benefits derived from use of this 
technology. 
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INTRODUCTION 

The following information applies to all pack- 
ages unless otherwise specified on individual 
package outline drawings. 


GENERAL 


1. 


Dimensions shown are metric units (milli- 
meters), except those in parentheses 
which are English units (inches). 


Lead spacing shall be measured within 

this zone. 

a. Shoulder and lead tip dimensions are 
to centerline of leads. 


Tolerances non-cumulative. 


Thermal resistance values are deter- 
mined by utilizing the linear temperature 
dependence of the forward voltage drop 
across / the substrate diode in a digital 
device to monitor the junction tempera- 
ture rise during Known power application 
across Vcc and ground. The values are 
based upon 120mils square die for plastic 
packages and a 90mils square die in the 
smallest available cavity for hermetic 
packages. All units were solder-mounted 
to PC boards, with standard stand-off, for 
measurement. 
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Package Ouilines 


For Prefixes ADC, AM, CA, 
DAC, LF, LM, MC, NE, SA, SE, 


SG, UA, ULN 


PLASTIC ONLY 


5. 


Lead material: Alloy 42 (Nickel/Iron Al- 
loy), Olin 194 (Copper Alloy), or equiva- 
lents, solder-dipped. 

Body material: Plastic (Epoxy) 


Round hole in top corner denotes lead 
No. 1. 

Body dimensions do not include molding 
flash. 

SO packages/microminiature packages: 
a. Lead material: Alloy-42. 

b. Body material: Plastic (Epoxy). 


HERMETIC ONLY 


10. Lead material 


a. ASTM alloy F-15 (KOVAR) or equiva- 
lent — gold-plated, tin-plated, or sold- 
er-dipped. 

b. ASTM alloy F-30 (Alloy 42) or equiva- 
lent — tin-plated, gold-plated or sold- 
er-dipped. 

c. ASTM alloy F-15 (KOVAR) or equiva- 
lent — gold-plated. 
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11. 


tz. 


13. 


14. 


15. 
16. 


1? 
18. 


Body Material 

a. Eyelet, ASTM alloy F-15 or equiva- 
lent — gold- or tin-plated, glass body. 

b. Ceramic with glass seal at leads. 

c. BeO ceramic with glass seal at leads. 

d. Ceramic with ASTM alloy F-30 or 
equivalent. 

Lid Material 

a. Nickel- or tin-plated nickel, weld seal. 

b. Ceramic, glass seal. 

c. ASTM alloy F-15 or equivalent, 
gold-plated, alloy seal. 

d. BeO ceramic with glass seal. 

Signetics symbol, angle cut, or lead tab 

denotes Lead No. 1. 

Recommended minimum offset before 

lead bend. 

Maximum glass climb 0.010 inches. 

Maximum glass climb or lid skew is 0.010 

inches. 

Typical four places. 

Dimension also applies to seating plane. 
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Package Outlines 


PLASTIC PACKAGES 


DESCRIPTION PACKAGE CODE Oya/85c (°C/W) PACKAGE TYPE 


Standard Dual-in-Line Packages 


TO-116/MO-001 
MO-001 


Metal Headers 


100/20 TO-46 Header 

150/25 TO-72 Header 

150/25 TO-5 Header 

150/25 TO-5/TO-100 Header, Short Can 
150/25 TO-5/TO-100 Header, Tall Can 


Cerdip Family 


110/30 Dual-in-Line Ceramic 
110/30 Dual-in-Line Ceramic 
100/30 Dual-in-Line Ceramic 
93/27 Dual-in-Line Ceramic 
90/25 Dual-in-Line Ceramic 
75/27 Dual-in-Line Ceramic 
60/26 Dual-in-Line Ceramic 
57/27 Dual-in-Line Ceramic 


anmaTnanTa, 


Laminated Ceramic, Side-Brazed Lead 


SO Package Thermal Data 


ee PACKAGE MAX. ALLOWABLE MAX. ALLOWABLE ig cies RESISTANCE 
TYRE MOUNTING POWER DISS. POWER DISS. (0j4°C/WATT) 
— aidoinile Weamtebitele Msc Uanaaccth 
SO-14 PCB 225 
Ceramic 165 
Ceramic w/H.S. 110 
SO-16 PCB rs 
Ceramic 125 
Ceramic w/H.S. 85 


SO-16L PCB 140 
Ceramic 100 
Ceramic ; 65 
PCB 115 
Ceramic 85 
Ceramic ‘ 55 


SO-24 PCB 
Ceramic 80 
Ceramic : 50 


PCB = Printed circuit board 

Ceramic = Ceramic substrate 

Ceramic w/H.S. = Ceramic substrate with heat sink and/or Thermal compound 
*Air gap is 0.006 inches unless thermal compound is used 
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For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, wA, ULN 


Package Outlines 


8-PIN PLASTIC SO (D PACKAGE) 


ae eat 

1. Package dimensions conform to JEDEC specification 
MS-012-AA for standard small outline (SO) package, 8 
leads, 3.75mm (.150'') body width (issue A, June 1985). 

. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

. Dimensions and tolerancing per ANSI Y14.5M- 1982. 

."'T', "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 

.236 + .006 flash or protrusions shall not exceed .15mm (.006"') on 


any side. 
@]E ©] .25 (.010) © . Pin numbers start with pin #1 and continue 


counterclockwise to pin #8 when viewed from top. 

. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix D after 
the product number. 


1.27 (.050) BSC 
5.00 (.197) 
4.80 (.189) 


50 (.020) 
—— x45° 
.25 (.010) 


(.061 + .008) 
(T] 1.55 + .20 | 
ET .10 (.004) _ 


M2018) FeTTIEPDO] 25 i) GS] — 25 (010) (007 = 000 Te 


35 (.014) 19 (.007) 180 + .07 


853-0174 88070 


14-PIN PLASTIC SO (D PACKAGE) 


NOTES: 

1. Package dimensions conform to JEDEC specification 
MS-012-AB for standard small outline (SO) package, 14 
leads, 3.75mm (.150'') body width (issue A, June 1985). 

. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
."T', "D" and "'E" are reference datums on the molded 
Ycecincilte edad, body and do not include mold flash or protrusions. Mold 
4.00 (.157) 6215 : ss 
: flash or protrusions shall not exceed .15mm (.006"') on 


any side. 
P/E ©) 25 (.010) © . Pin numbers start with pin #1 and continue 


counterclockwise to pin #14 when viewed from top. 

. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix D after 
the product number. 


}@|D ©] .10 (.004) | 


3.80 (.150) 


1.27 (.050) BSC 
8.75 (.344) 
8.55 (.337) 


.50 (.020) 
——_ x 45° 
.25 (.010) 


(061 + .008) 
1.55 +20 


.49 (.019) .25 (.010) (.007 +.008) 
a (18 S(O oar = 8 
.35 (.014) kau) 25 (.010) @ .19 (.007) 180 + .07 


853-0175 88068 
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For Prefixes ADC, AM, CA, DAC, LF, LM, 


MC, NE, SA, SE, SG, vA, ULN Package Outlines 


16-PIN PLASTIC SO (D PACKAGE) 


NOTES: 

1. Package dimensions conform to JEDEC specification 
MS-012-AC for standard small outline (SO) package, 16 
leads, 3.75mm (.150"') body width (issue A, June 1985). 

. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

. Dimensions and tolerancing per ANS! Y14.5M- 1982. 

. "T', "D" and "E" are reference datums on the molded 


4.00 (.157) . , 
es body and do not include mold flash or protrusions. Mold 


3.80 (.150) flash or protrusions shall not exceed .15mm (.006"') on 
any side. 
. Pin numbers start with pin #1 and continue 
counterclockwise to pin #16 when viewed from top. 
. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix D after 
the product number. 


1.27 (.050) BSC 
10.00 (.394) 
9.80 (.386) 


50 (.020) 
25 (.010) 


__| 
mf ee? | 
AL 10 (008) | 


.49 (.019) -25 (.010) (.007 + .003) 
35 (.014) #1 1/0) = (9) 8 19 (.007) 180 + .07 


853-0005 88069 


16-PIN PLASTIC SOL (D PACKAGE) 


+e-1D@] .10 (,004) | NOTES: 
1. Package dimensions conform to JEDEC specification 
MS-013-AA for standard small outline (SO) package, 16 
leads, 7.50mm (.300"') body width (issue A, June 1985). 
. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
."T', "D" and "'E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006"') on 
any side. 
7.60 (.299) 10.65 (.419) . Pin numbers start with pin #1 and continue 
7.40 (.291) 10.26 (.404) counterclockwise to pin #16 when viewed from top. 
r . Signetics ordering code for a product packaged in a 
: : plastic small outline (SO) package is the suffix D after 
the product number. 


1.27 (.050) BSC 
10.50 (.413) .75 (.030) 


10.10 (.398) .50 (.020) or 


2.65 (.104) 


2.35 (.093) 


ET-10 (008) | 


.30 (.012) 1.07 (.042) 


49 (.019) .32 (.013) 
os [0 ©] .25 (.010) @ | ——= a ae caer 
35 (.014) Pelt] E/OG) 25 1010) @ 23 (.009) 10 (.004) 0.86 (.034) 


853-0171 81218 
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For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, wA, ULN 


Package Outlines 


20-PIN PLASTIC SOL (D PACKAGE) 


ign ers 
. Package dimensions conform to JEDEC specification 
MS-013-AC for standard small outline (SO) package, 20 
leads, 7.50mm (.300"') body width (issue A, June 1985). 
. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
."T", "D" and "E' are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006'') on 
any side. 
7.60 (.299) 10.65 (.419) . Pin numbers start with pin #1 and continue 
7.40 (.291) 10.26 (.404) counterclockwise to pin #20 when viewed from top. 
. Signetics ordering code for a product packaged in a 
E@© .25 (.010) © plastic small outline (SO) package is the suffix D after 
the product number. 


a 1.27 (.050) BSC 


13.00 (.512) .75 (.030) 
12.60 (.496) 


2.65 (.104) 
2.35 (.093) 


L 30 (.012 07 (.042 
49 (.019) 32 (.013) 30 (012) 1.07 (.042) 


35 "35 (.014) .23 (.009) -10 (.004) .86 (.034) 


NOTES: 
1. Package dimensions conform to JEDEC specification 
MS-013-AD for standard small outline (SO) package, 24 
leads, 7.50mm (.300'') body width (issue A, June 1985). 
. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
."T"', "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006'') on 
any side. 
7,60 (.299) 10.65 (.419) . Pin numbers start with pin #1 and continue 
—— 70.26 (.404) counterclockwise to pin #24 when viewed from top. 
7.40 (.291) — 6. Signetics ordering code for a product packaged in a 


HP /E ©] .25 (.010) © plastic small outline (SO) package is the suffix D after 


the product number. 


.27 (.050) BSC 


15.60 (.614) 
15.20 (.598) 


2.65 (.104) 
2.35 (.093) 


| | 
49 (.019) SITIED G2 WIN © 32 (.013) 30 (.012) 1.07 (.042) 


35 (.014) (.014) .23 (.009) 10 (.004) 86 (.034) 


853-0173 81220 
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For Prefixes ADC, AM, CA, DAC, LF, LM, 


MIC, NE, SA, SE, SG, vA, ULN Package Outlines 


28-PIN PLASTIC SOL (D PACKAGE) 


+@|D ©) .10 (.004) NOTES: 


1. Package dimensions conform to JEDEC specification 
MS-013-AE for standard small outline (SO) package, 28 
leads, 7.50mm (.300'') body width (issue A, June 1985). 

. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

. Dimensions and tolerancing per ANSI Y14.5M- 1982. 

."'T", "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006"') on 
any side. 


7.60 (.288) 10.65 (.419) . Pin numbers start with pin #1 and continue 


7.40 (.291) 10.26 (.404) counterclockwise to pin #28 when viewed from top. 


. Signetics ordering code for a product packaged in a 
+} /E ©} .25 (.010) © plastic small outline (SO) package is the suffix D after 


the product number. 


18.10 (.713) .75 (.030) ' 
17.70 (.697) 50 (.020) 


2.65 (.104) 


a ne me ell 
WOT 


N .10 (.004) 
_ =a 22 (019) oe ee 
.35 (.014) oie [0 = (10) © .86 (.034) 


23 (.009) -10 (.004) 


853-0006 81217 


4-PIN HERMETIC TO-72 HEADER (E PACKAGE) 


4.95 (.195) 


4.52 (.178) aie 


5.33 (.210) 
4.32 (.170) 


0.76 (.030) MAX. 


14.22 (.560) 
4 LEADS 
0.48 (.019) 
0.41 (0.16) 


5.84 (.230) 
5.31 (.209) ; 


DIA 


2.54 (.100) T.P. 


1.17 (.046) 45 TP: 


0.91 (036) \. 1.27 (.050) T.P. 


K S 1.22 (.048) 
0.71 (028) 


PO00970S 
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Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, wA, ULN 


Package Outlines 


8-PIN CERDIP (FE PACKAGE) 


NOTES: 
065 (1.40) eee eee 1. Controlling dimension: inches. Millimeters are shown in 
.030 (.76) parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. '"'T", ''D", and "'E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 
———_ . Pin numbers start with pin #1 and continue 
.245 (6.22) counterclockwise to pin #8 when viewed from the top. 


100 (2.54) BSC 
408 (10.36) 


.376 (9.55) 
.070 (1.78) -320 (8.13) 


.050 (.76 .290 (7.37) 
(.76) NOTE 4 


175 (4.45) 
.145 (3.68) 


165 (4.19) 


-125 (3.18) .035 (.89) 


.020 (.51) 
BSC 
note #) 
015 (.38) 
023 (.58. 
oS OTE 0 S.010 (255) @ ‘010 (25) 395 (10.03) 


015 (.38) 300 (7.62) 


853-0580 81594 


14-PIN CERDIP (F PACKAGE) 


NOTES: 
-110 (2.79) -110 (2.79) 1. Controlling dimension: inches. Millimeters are shown in 
050 (1.27) (050 (1.27) parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. "T", "D", and "'E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
. These dimensions measured with the leads constrained 
286 (7.26) to be perpendicular to plane T. 
—_—_ . Pin numbers start with pin #1 and continue 
245 (6.22) counterclockwise to pin #14 when viewed from the top. 


.785 (19.94) 
.753 (19.13) 


070 (1.78) 320 (8.13) 


050 (1.27) .290 (7.37) 
(NOTE 4) 


-175 (4.45) 


.200 (5.08) .145 (3.68) 


.165 (4.19) 


-165 (4.19) 
125 (3.18) .035 (.89) 


.020 (.51) 


SC 
300 (7.62) 
(NOTE 4) 


015 (.38) 
023 (.58) , 395 (10.03 
018 (38) OT] E[D@}.010 (.254)  ® 010 (.25) Se an: 7-63) 


853-0581 81594 
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Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, uA, ULN 


16-PIN CERDIP (F PACKAGE) 


060 (1.52) 


i 012 (.30) 


.100 (2.54) BSC 
.785 (19.94) 


.753 (19.13) 
058 (1.47) 
030 (.76) 


SEATING 


PLANE 
| .023 .023 (.58) 58) 


.060 (1.52) 
012 (.30) 


306 (7.77) 
1245 (6.22) 


070 (1.78) 
050 (1.27) 


200 (5.08) 
165 (4.19) 


165 (4.19) 
125 (3.18) 


015 ors (ge) TELELE [0 G].010 (254) —{O[ TE [0 @].010 (254) 


853-0582 81594 


18-PIN CERDIP (F PACKAGE) 


098 (2.49) 


P= 012 (0.30) 


L— 100 (2.54) BSC 


915 (23.24) 
"682 (22.40) 
1.47 


SEATING 
PLANE 


098 (2.49) 
012 (.30) 


306 (7.77) 
.285(7.24) 


070 (1.78) 


.050 (1.27) 


.200 (5.08) 
165 (4.19) 


165 (4.19) 
125 (3.18) 


a TLE T010 1254) 


015 (.38) 


853-0583 81594 
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175 (4.45) 
145 (3.68) 


.035 (.89) 
020 (.51) 


015 (.38) 
.010 (.25) 


035 (.89) 
020 (.51) 


015 (.38) 
-010 (.25) 


15-42 


Package Outlines 


NOTES: 

. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

."T', "D", and "'E"' are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #16 when viewed from the top. 


.320 (8.13) 


.290 (7.37) 
(NOTE 4) 


.300(7.62) BSC 
(NOTE 4) 


395 (10.03) 
300 (7.62) 


NOTES: 
1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

3. ''T", "'D'', and "'E"' are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #18 when viewed from the top. 


320 (8.13) 


.290 (7.37) 
(NOTE 4) 


175 (4.45) | nee eS ee 


.145 (3.68) 


(NOTE 4) 


.395 (10.03) 
300 (7.62) 


Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, yA, ULN 


Package Outlines 


20-PIN CERDIP (F PACKAGE) 


.078 (1.98) .078 (1.98) age i ind —" ; 

Ade Pony Ae LA 1. Controlling dimension: inches. Millimeters are shown in 

.012 (.30) 012 (.30) parentheses. 

2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

3. "T', "'D", and "E"’ are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

4. These dimensions measured with the leads constrained 

.306 (7.77) to be perpendicular to plane T. 

‘285 (7.24) 5. Pin numbers start with pin #1 and continue 

, counterclockwise to pin #20 when viewed from the top. 


m L_— 100 (2.54) BSC 


975 (24.73) 
940 (23.88) 

.058 (1.47) .070 (1.78) .320 (8.13) 

030 (.76) (050 (1.27) .290 (7.37) 

(NOTE 4) 


.175 (4.45) 


tA sCw200 (5.08) 
ie ige 165 (4.19) on 


stot 4 


SEATS .165 (4.19) 
125 (3.18) .035 (.89) 


020 (.51) _ 
| 015 (,38) (NOTE 4) 
a BITTE Ao10 1254) (010 (25) “300 (7 62) 


015 (.38) -300 (7.62) 


et tttstsce 


- 


853-0584 81594 


22-PIN CERDIP (F PACKAGE) 


NOTES: 
sic ped Lace 1. Controlling dimension: inches. Millimeters are shown in 
.028 (.71) .028 (.71) parentheses. 
2. Dimensions and tolerancing per ANSI Y14.5M - 1982. 
3. ''T", "D"', and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 
. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 
399 (10.14) . Pin numbers start with pin #1 and continue 
376 (9.55) counterclockwise to pin #22 when viewed from the top. 


= 100 (2.54) BSC 


1.105 (28.07) 


058 (1.47) 1-060 (26.92) 070 (1.78) 420 (10.67) 


030 (.76) 050 (1.27) .390 (7.36) 
(NOTE 4) 


ET 200 15.09) 175 (4.45) 
igi igi cae 145 (3.68) 


165 (4.19) 
Tae 18) 
i .035 (.89) 


rr < 


ee | 


= 


020 (.51) 
400 (10.16) 
015 (.38 (NOTE 4) 
023 (.58) .015 (.38) 
UTED GL. (25) ‘010 (25) 495 (1257 


015 015 (.38) 


853-0585 81594 
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Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, uA, ULN 


24-PIN CERDIP (F PACKAGE) 


098 (2.49) 


[= SEE NOTE 6 
040 (1.02) 


098 (2.49) 
040 (1.02) 


598 (15.19) 
514 (13.06) 


-100 (2.54) BSC 
1.285 (32.64) 


1.240 (31.50) 
.070 (1.78) 


050 (1.27) 


175 (4.45) 


145 (3.68) 


a 
225 (5.72) MAX. 


—— 165" (4. 19) 
725 (3.18 
ioe 


023 (.58 
| BITTE ]o G00 (254) 


015 (.38) 


853-0588 84221 


28-PIN CERDIP (F PACKAGE) 


598 (15.19) 
514 (13.08) 


-070({1.78) 


.050(1.27) -145 (3.68) 


023 (58) 


ae ton ee Ol 00 sy 


853-0589 84000 


February 1987 15-44 


-175 (4.45) 


055 (1.40) 
020 (.51) 


015 (.38) 
010 (.25) 


Package Outlines 


nye oe 

1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

."T', "D', and "E"' are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #24 when viewed from the top. 


620 (15.75) 


590 (14.99) 
(NOTE 4) 


BSC 
-600 (15.24) 
(NOTE 4) 


-695 (17.65) 
-600 (15.25) 


cig ters 

1. Controlling dimension: inches. Millimeters are shown in 
parentheses. 

. Dimensions and tolerancing per ANSI Y14.5M - 1982. 

."T', "D", and "E" are reference datums on the body 
and include allowance for glass overrun and meniscus on 
the seal line, and lid to base mismatch. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from the top. 

. Denotes window location for EPROM Products. 


620 (15.75) 
580 (14.99) 


Bsc 
-600 (15.24) 
(NOTE — 


685 (17.65) 
600 (15.24) 


Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 
MIC, NE, SA, SE, SG, wA, ULN 


Package Outlines 


20-PIN PGA (G PACKAGE) 


« y :025 (64) oy 045 (1.14) 
48° X O16 (38) 45° X 035 ( 89) NOTES: 
(3 CORNERS) 1. Package dimensions conform to Mil-M-38510, outline NO. 
Oza (50) TYP. k- es C - 2, 20 leads, square ceramic leadless chip carrier. 
| in (.15) | .064 (1.37) . Controlling dimension: inches, millimeters are shown in 
| parenthesis. 

. Dimension and tolerancing per ANSI Y14.5M - 1982. 

. This dimension represents the minimum spacing between 
the corner contact pads. These corner pads may have a 
.020 inch by 45 degree maximum chamfer to accomplish 
the .015 minimum spacing. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 

. Signetics order code for product packaged in a CCCL is 
the suffix ''G'" after the product number. 


093 (2.36) 
077 (1.96) 


360 (9.14) 
345 (8.76) 


.015 (.38) 
003 (.08) 


TYP, 


.360 (9.14) 074 (1.88) 
345 (8.76) .063 (1.60) 
.015 (.38) MIN. 
(4 CORNERS) 
853-0063 82276 


8-PIN HERMETIC TO-5 HEADER (H PACKAGE) 


8.26 (.325) 
a (315) oA 
0.76 (.030) 


4.70 (.185) 0.51 (.020) 


14.28 (.562) 
12.70 (.500) 


(0 0 00 1.14 (.045) insuraToR 


0.38 {.015) 


0.48 (.019) 
———_—. DIA 
0.41 (.016) 


9.40 (.370) 8 LEADS 
9.02 (.355) mie 


4.06 (.160) 
3.05 (.120) 


5.33 (.210) 
4.83 (.190) 


1.02 (.040) 
0.74 (.029) 


PO00910S 
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Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 


MC, NE, SA, SE, SG, vA, ULN Package Outlines 


10-PIN HERMETIC TO-5/100 HEADER SHORT CAN (H PACKAGE) 


8.26 (.325) 
333 (315) om 
0.76 (.030) 


0.51 (.020) 


4.70 (.185) 1.14 (045 
4.19 (.165) 1.14 (045) 9, ATOR 
0.38 (.015) eerie 


Lge 10 LEADS 
0.48 (.019) ni, 


9.40 (.370) nj) 4 0.41 (.016) 


4.06 (.160) 
3.05 (.120) 


6.10 (.240) 
5.59 (.220) 


1.02 (.040) 
0.74 (.029) 
0.86 (.034) 
7 


10-PIN HERMETIC TO-5/100 HEADER TALL CAN (H PACKAGE) 


8.26 (.325) 
| B00 (315) | 


0.76 (.030) 


6.48 (.255) 0.51 (.020) 
5.97 {.235) 1.14 (.045) 


1 
0.38 (015) ocene re 


0.48 (.019) 

itl | | 0.41 (.016) cae 
1 

9.40 (.370) OLEADS 


9.02 (.355) 
4.06 (. 160) 


3.05 (.120) 


6.10 {.240) 
5.59 (.220) 


9 


ae -_— 


1.02 (.040) 
0.74 (.029) 
0.86 (.034) 


0.71 (.028) 
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Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 


MC, NE, SA, SE, SG, vA, ULN 


16-PIN HERMETIC SDIP (| PACKAGE) 


a 


1.65 (.065) 


13.(.005) MIN. 


1.52 (.060) 
1.14 (.045) 


0.53 (.021) 
0.38 (.015) 


8-PIN PLASTIC PDIP (N PACKAGE) 


.255 (6.48) 
.245 (6.22) 


CORNER 
LEAD 
OPTION 

(4 PLACES) 


.045 (1.14) 


-135 (3.43) 


138 (3.51) 
120 (3.05) 


.022 (.56 
022 (8) _BITIEID@L010 (25) @ 


017 (.43) 
853-0404 81230 


February 1987 


12.95 (.610) 
12.45 (.490) 


Package Outlines 


LEAD NO. 1 


=a 


7.87 (.310) 
7.11 (.280) 


20.70 (.815) 
19.93 (.785) 


1.40 (.055) 
0.63 (.025) 


3.05 (.120) 


2.03 (.080) ——- 


8.13 (.320) 


0.31 (.012) 
0.20 (.008) 


| 8.74 (.344) 
a 4.451.178) [515 ¢200) 
2.79 (.110) 3.18 (.125) 
2.29 (.090) 


NOTES: 

1. Controlling dimension: inches. Metric are shown in 
parentheses. 

2. Package dimensions conform to JEDEC specification 
MS-001-AB for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 8 leads (issue B. 7/85) 

. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

."T"', "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 
counterclockwise to pin #8 when viewed from the top. 


.322 (8.18) 


300 (7.62) 
(NOTE 5) 


125 (3.18) 
115 (2.92) 


035 (.89) 
020 (.51) 


300 (7.62) 
(NOTE 5) 
.395 (10.03) 


.300 ( 7.62) 


015 (.38) 
010 (.25 ) 
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Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, wA, ULN 


Package Outlines 


14-PIN PLASTIC DIP (N PACKAGE) 


BOS} .004 (10) | NOTES: 
1. Controlling dimension: inches. Metric are shown in 
parentheses. 
2. Package dimensions conform to JEDEC specification 
MS-001-AC for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 14 leads (issue B. 7/85) 
. Dimensions and tolerancing per ANSI Y14. 5M-1982. 
. "T', "D" and "'E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
.255 (6.48) flash or protrusions shall not exceed .010 inch (.25mm) 
Sn aa AL, on any side. 
245 aa 22) . These dimensions measured with the leads constrained 
to be perpendicular to plane T. 


he Se . Pin numbers start with pin #1 and continue 
counterclockwise to pin #14 when viewed from the top. 

-100 (2.54) BSC 

-757 (19.23) 


746 (18.95) 
064 (1.63) 322 (8.18) 


045 (1.14) .300 (7.62) 
(NOTE 5) 


.160 (4.06) .125 (3.18) 
135 (3.43) 115 (2.82) 


035 (.89) 


.138 (3.51) .020 (.51) 
120 (3.05) 
015 (.38 
022 (56) _SrTEOLOI0 125) @ 015 (38) 395 (10.08) 


017 017 (43) .010 (.25 ) .300 ( 7.62) 
853-0405 81231 


16-PIN PLASTIC DIP (N PACKAGE) 


NOTES: 

1. Controlling dimension: inches. Metric are shown in 
parentheses. 

2. Package dimensions conform to JEDEC specification 
MS-001-AA for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 16 leads (issue B. 7/85) 

. Dimensions and tolerancing per ANSI Y14. 5M-1982. 
."'T', "D" and "'E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 

255 (6.48) flash or protrusions shall not exceed .010 inch (.25mm) 

——— on any side. 

.245 (6.22) . These dimensions measured with the leads constrained 

to be perpendicular to plane T. 
. Pin numbers start with pin #1 and continue 
counterclockwise to pin #16 when viewed from the top. 


.100 2.54 (BSC) 

.757 (19.23) 

746 (18.95) 
064 (1.63) 322 (8.18) 
1045 (1.14) 300 (7.62) 


-160 (4.06) .125 (3.18) 


.135 (3.43) .115 (2.92) 


035 (.89) 
138 (3.51) O20 (2) wares 
120 (3.05) "(NOTE 5) 
SITIES 015 (.38) 895 (10.03) 
.017 (.43) = .010 (.25) .300 ( 7.62) 


853-0406 81232 
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Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, wA, ULN 


Package Outlines 


18-PIN PLASTIC DIP (N PACKAGE) 


NOTES: 
1. Controlling dimension: inches. Metric are shown in 
parentheses. 
2. Package dimensions conform to JEDEC specification 
MS-001-AD for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 18 leads (issue B. 7/85) 
. Dimensions and tolerancing per ANSI Y14. 5M-1982. 
."T"', "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
.255 (6.48) flash or protrusions shall not exceed .010 inch (.25mm) 
.245 (6.22) on any side. 
. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 
. Pin numbers start with pin #1 and continue 
counterclockwise to pin #18 when viewed from the top. 


.100 (2.54) BSC 
.925 (23.50) 
915 (23.24) 
064 (1.63) 322 (8.18) 


045 (1.14) aes =e 


.160 (4.06) 125 (3.18) 
.135 (3.43) 115 (2.92) 


035 (.89) 
020 (.51) 
.138 (3.51) .300 (7.62) 


120 (3.05) ee > 24 
022 (.56) « ’ . ; ; ' 
017 (.43) EDS. O10 LS 010 (.25) .300 ( 7.62) 


853-0407 81233 


20-PIN PLASTIC DIP (N PACKAGE) 


NOTES: 
1. Controlling dimension: inches. Metric are shown in 
parentheses. 
2. Package dimensions conform to JEDEC specification 
MS-001-AE for standard dual in-line (DIP) package .300 
inch row spacing (PLASTIC) 20 leads (issue B. 7/85) 
. Dimensions and tolerancing per ANSI Y14. 5M-1982. 
."T', "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
.255 (6.48) flash or protrusions shall not exceed .010 inch (.25mm) 
.245 (6.22) on any side. 
. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 
. Pin numbers start with pin #1 and continue 
counterclockwise to pin #20 when viewed from the top. 


100 (2.54) BSC 
1.057 (26.85) 


EO4 | 1.045 (26.54) 
.064 (1.63) 
045 (1.14) 


.322 (8.18) 


.300 (7.62) 
(NOTE 5) 


160 (4.06) 125 (3.18) 


135 (3.43) 115 (2.92) 


SEATING 
PLANE 035 (.89) 
020 (.51) 
138 (3.51) .300 (7.62) 
120 (3.05) (NOTE 5) 


022 (56) _ — 015 (.38) 395 (10.03) 
017 (43) SITIEDE). 010 (25) 0 010 (.25) 300 ( 7.62) 


853-0408 81234 
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Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 


MC, NE, SA, SE, SG, wA, ULN 


22-PIN PLASTIC DIP (N PACKAGE) 


.355 (9.02) 
345 (8.76) 


IL 100 (2.54) BSC 


1.110 (28.19) 


1.095 (27.81) 
.064 (1.63 


.045 (1.14) 190 (4.83) 


.165 (4.19) 


138 (3.51) 
120 (3.05) 


sail is 022 (56) _perTED@L010 025) 0) 


017 (.43) 


853-0409 61235 


24-PIN PLASTIC DIP (N PACKAGE) 


555 (14.10) 
‘545 (13.84) 


Lh (2.54) BSC 


1.260 (32.00) 
1.240 (31.50) 
.064 (1.63) 
045 (1.14) 


.200 (5.08) 
165 (4.19) 


SEATING 
PLANE 


138 (3.51) 


-120 (3.05) 
022 (.56) 


———__ +6] TIE|DG) .010 (.25) 0 | 
017 (.43) eT 


853-0412 81238 
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155 (3.94) 
.145 (3.68) 


035 (.89) 
020 (.51) 


015 (.38) 
010 (.25) 


155 (3.94) 
145 (3.68) 


.045 (1.14) 
020 (.51) 


015 (.38) 
010 (.25) 


15-50 


Package Outlines 


NOTES: 


1s 


2. 


Controlling dimension: inches. Metric are shown in 

parentheses. 

Package dimensions conform to JEDEC specification 

MS-010-AA for standard dual in-line (DIP) package .400 

inch row spacing (PLASTIC) 22 leads (issue A. 7/85) 

. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

."'T', "D" and "'E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 

counterclockwise to pin #22 when viewed from the top. 


422 (10.72) 


.400 (10.16) 
(NOTE 5) 


(NOTE 5) 
495 (12.57) 


400 (10.16) 


NOTES: 


1. 


2. 


Controlling dimension: inches. Metric are shown in 

parentheses. 

Package dimensions conform to JEDEC specification 

MS-011-AA for standard dual in-line (DIP) package .600 

inch row spacing (PLASTIC) 24 leads (issue B. 7/85) 

. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

."T', "D" and "'E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

. Pin numbers start with pin #1 and continue 

counterclockwise to pin #24 when viewed from the top. 


625 (15.88) 
-600 (15.24) 


(NOTE 5) 


.695 (17.65) 
600 (15.24) 


Signetics Linear Products 


For Prefixes ADC, AM, CA, DAC, LF, LM, 
MC, NE, SA, SE, SG, uA, ULN 


Package Outlines 


28-PIN PLASTIC DIP (N PACKAGE) 


PID®] .004 (10) _| 


560 (14, 22) 
‘545 (13.84) 


EE 100 (2.54) BSC 


1.460 (37.08) 


1.415 (35.94) 
.064 (1.63) 


155 (3.94) 
.146(3.68) 


045 (1.14) 
"020 (.51) (.51) 


138 :138 (3.51) 51) 


120 120 (3.05) 05) 18 (98) 
022 (56). : = 


853-0413 84099 
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NOTES: 

1. Controlling dimension: inches. Metric are shown in 
parentheses. 

2. Package dimensions conform to JEDEC specification 
MS-011-AB for standard dual in-line (DIP) package .600 
inch row spacing (PLASTIC) 28 leads (issue B. 7/85) 

3. Dimensions and tolerancing per ANSI Y14. 5M-1982. 

4. "T'', "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .010 inch (.25mm) 
on any side. 

5. These dimensions measured with the leads constrained 
to be perpendicular to plane T. 

6. Pin numbers start with pin #1 and continue 
counterclockwise to pin #28 when viewed from the top. 


.620 (15.75) 
600 (15.24) 


(NOTE 5) 


| 00 (15.24) BSC 


(NOTE 5) 
695 -695 (17.65) 


600 {600 (15.24) 24) 


signefics 


Linear Products 


INTRODUCTION 
Soldering 


1. By hand 

Apply the soldering iron below the seating 
plane (or not more than 2mm above it). If its 
temperature is below 300°C it must not be in 
contact for more than 10 seconds; if between 
300°C and 400°C, for not more than 5 sec- 
onds. 


2. By dip or wave 

The maximum permissible temperature of the 
solder is 260°C; this temperature must not be 
in contact with the joint for more than 5 
seconds. The total contact time of successive 
solder waves must not exceed 5 seconds. 


The device may be mounted up to the seating 
plane, but the temperature of the plastic body 
must not exceed the specified storage maxi- 
mum. If the printed-circuit board has been 
pre-heated, forced cooling may be necessary 


February 1987 


Package Ouilines 

For Prefixes HEF, OM, MEA, 
PCD, PCF, PNA, SAA, SAB, SAF, 
TBA, TCA, TDA, TDD, TEA 


immediately after soldering to keep the tem- 
perature within the permissible limit. 


3. Repairing soldered joints 
The same precautions and limits apply as in 
(1) above. 


SMALL OUTLINE (SO) 
PACKAGES 


The Reflow Solder Technique 
The preferred technique for mounting minia- 
ture components on hybrid thick or thin-film 
circuits is reflow soldering. Solder is applied 
to the required areas on the substrate by 
dipping in a solder bath or, more usually, by 
screen printing a solder paste. Components 
are put in place and the solder is reflowed by 
heating. 


Solder pastes consist of very finely powdered 
solder and flux suspended in an organic liquid 
binder. They are available in various forms 
depending on the specification of the solder 
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and the type of binder used. For hybrid circuit 
use, a tin-lead solder with 2 to 4% silver is 
recommended. The working temperature of 
this paste is about 220 to 230°C when a mild 
flux is used. 


For printing the paste onto the substrate a 
stainless steel screen with a mesh of 80 to 
105um is used for which the emulsion thick- 
ness should be about 50um. To ensure that 
sufficient solder paste is applied to the sub- 
strate, the screen aperture should be slightly 
larger than the corresponding contact area. 


The contact pins are positioned on the sub- 
strate, the slight adhesive force of the solder 
paste being sufficient to keep them in place. 
The substrate is heated to the solder working 
temperature preferably by means of a con- 
trolled hot plate. The soldering process 
should be kept as short as possible: 10 to 15 
seconds is sufficient to ensure good solder 
joints and evaporation of the binder fluid. 
After soldering, the substrate must be 
cleaned of any remaining flux. 


Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


8-PIN PLASTIC SO (SOT-97A) 


seating plane 


| 
0,32 
| max 
4 
_—— coset |p 


9,5 
8,3 


<<. oe 


1,12 max !3 1,73 max 
= > =< 


“ A 


top view 


8-PIN CERDIP (SOT-151A) 


seating plane 


t 
2,54 


‘ ' i} 
max 


“56 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


8-PIN METAL CERDIP (SOT-153B) 


top view 


9-PIN PLASTIC SIP (SOT-110B) 


2,78 . 
rer = ] 


seating plane 


| 
v 


' 
| 
am oe 


top view 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


9-PIN PLASTIC POWER SIP (SOT-131A, B) 


seating plane 


. 
| 19, RELA) 2sc Gl" 
x 
J + _ r 
2.54) 0,40-e! bk | 


1 ; ; 
>! 2 leg lag pg: — pa — oe — ole: ela—ela =e! | 
max -~!' 20 lag 


PO01050S 


a 
c 
g 
a 
2 
= 
+. 
° 
oe: 
3! 


PO01060S 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


9-PIN PLASTIC POWER SIP-BENT-TO-DIP (SOT-157B) 


seoting plone 


‘ F 
8x i Vrs 
om 0,60 -- 
i (2.52) : ol le fears] ") 


= - pla =e len ce |< vie -\< eo! 
| | x | 


be —ol<— la pa 


e 
¢ 
6 
a 
o 
¢c 
2 
0 
ry 
“ 


-. 


| ' ’ ; | ; 
31] 254); 
> kee \—>!<—¢—_ nansinipllg= pbaneial 


6,37 
rr as " 
/S00iing fin 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA 


13-PIN PLASTIC POWER SIP-BENT-TO-DIP (SOT-141B) 


—— -—— 24,4 max 


- 19,86 --—— 


Ce 


13-12 91°10 9 686 7 6 § & 3 2 1 


Mounting 
~ pase 


seating plane 


U 
| rax{ | 060% | [Pees 8)” 
ce . 


: 
ee a e<7e'sn eo 7 © ~e7 © & 
x 


re 


- -- e- 34 e' o72 
oa 


12x 
¢ 
54 


' 
ole om Ba ele. ele ole e! 


1,73 max 
Saad =: 
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Package 


: [5.08 e7- 43 © 


Ouflines 


Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


i 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


14-PIN CERDIP (SOT-73A, B, C) 


19,94 max 


side view 


seating plane 


top view 


PO01110S 


7,47 max _] 


s{ be —— [762] ——el 


7°max 


top view 


PO01120S 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Ouilines 


16-PIN PLASTIC DIP (SOT-38) 


a 
Cc 
£ 
a 
a 
iS 
+ 
co] 
ae 
a 


top view 


PO01130S 


16-PIN PLASTIC DIP (SOT-38A) 


seating plane 


ol le 0,35 


1 ‘ 
> S| ae ae ple sl acelin 


PO01140S 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


: 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


16-PIN PLASTIC DIP (SOT-38D, DE) 


19,5 max ean iis 


a, 
MOA 


seating plane 


leac 1 indication (either index or sign) 


16-PIN PLASTIC DIP (SOT-38Z) 


19,5 max ————____», 
! 


seating plane 


/ 
lece 1 indication (eitner index or sign) 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, ] 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


16-PIN PLASTIC DIP WITH INTERNAL HEAT SPREADER (SOT-38WE-2) 


— 8,25max ae 


seating plane 


Bree 


2.54! 


~~ —o!<—~6l6— ola — leo! 


PO01170S 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


ti 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


16-PIN CERDIP (SOT-74A, B, C) 


—————__ 19. 94. max ———__— ——-_ 8,25 max ——> 

2 | — 
Ss t side view 
a 
e 5,08 
Z| max 
[+P] ' 
w | 7 0,38 | 

’ — min ¥ 


top view 


PO01190S 


16-PIN METAL CERDIP (SOT-84B) 


= 7,47 max —e 


seating plane 


top view 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Oullines 


18-PIN METAL CERDIP (SOT-85B) 


23,4 max <— 7,47 max —» 


seating plan 
aa ting plane 


~e! be—— [7,62] ——o! 
7° max 


top view 


side view 


top view 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


18-PIN PLASTIC DIP (SOT-102C) 


22 max 


side view 


e 
c 
iJ 
: 
Qo 
c 
= 
+=] 
e 
“ 


eo 8,25 max ~ 


side view 


'-— [762] —+'! 


9,5 


83 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


18-PIN PLASTIC DIP (SOT-102G) 


— 8,25 max ——e 


side view 


seating plane 


9,5 


8,3 


top view 


> 8,25 max ——> 


side view 


seating plane 


top view 


February 1987 15-65 


Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


20-PIN PLASTIC DIP (SOT-146) 


side view 


=—— 8,25 max | 


top view 


PO01270S 


plane 


side view 


top view 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA 


Package Outlines 


20-PIN METAL CERDIP (SOT-154B) 


———-—  258max ———————————— — 7,87 max iad: 


side view 


seating plane 


on ee Pr) 


top view 


<——---- 10.9 max —-—-—». 


gS mex aa ‘ 


top view 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


flin 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Ouilines 


22-PIN METAL CERDIP (SOT-118B) 


g plane 


+—— 10,9 max 
‘ears 10,05 max =] 
side view 


seatin 


1,02 
en 


top view 


4 
Z 


top view 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


24-PIN METAL CERDIP (SOT-86A) 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


tli 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


24-PIN PLASTIC DIP WITH INTERNAL HEAT SPREADER (SOT-101A, B) 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


28-PIN METAL CERDIP (SOT-87B) 


g 
a 
g 
Hi 


PO01370S 


28-PIN PLASTIC DIP (SOT-117) 


side view 


seating plane 


top view 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, | 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


28-PIN PLASTIC DIP (SOT-117D) 


2 
a 
& 
§ 


efeating plane 
Nw _ 
88+] 


February 1987 15-72 


Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


40-PIN METAL CERDIP (SOT-88) 


= 12,90 max ———_te 


seating plane 


= 


PO01410S 


side view 


: 
a 
2 
3 


Coens y Ay AG 4 
$ AY n a: 
3 Vy] nv a 
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max 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


kage Outi 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


40-PIN PLASTIC DIP (SOT-129) 


PO01430S 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


8-PIN PLASTIC SO (D PACKAGE) (SO-8, SOT-96A) 


ges 
—— 1. Package dimensions conform to JEDEC specification 
MS-012-AA for standard small outline (SO) package, 8 
leads, 3.75mm (.150'') body width (issue A, June 1985). 
. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
."'T', "D" and "'E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006"') on 


any side. 
25 (.010) © . Pin numbers start with pin #1 and continue 


counterclockwise to pin #8 when viewed from top. 

. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix D after 
the product number. 


1.27 (.050) BSC 
5.00 (.197) 
4.80 (.189) 


.50 (.020) 


—— x45° 
.25 (.010) 


hee 


S(O) STEPS 25 IB] 28.910) (007 = 009) Se 


.35 (.014) .19 (.007) .180 + .07 


853-0174 88070 


8-PIN PLASTIC SO (VSO-8, SOT-176) 


top view 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA 


Package Outlines 


14-PIN PLASTIC SO (D PACKAGE) (SO-14, SOT-108A) 


NOTES: 
{@]O ©} .10 (004) | 1. Package dimensions conform to JEDEC specification 
MS-012-AB for standard small outline (SO) package, 14 
leads, 3.75mm (.150'') body width (issue A, June 1985). 
. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
."T", "D" and "E" are reference datums on the molded 
Soest body and do not include mold flash or protrusions. Mold 
6 +.15 flash or protrusions shall not exceed .15mm (.006"') on 


any side. 
PEO 25 (.010) © . Pin numbers start with pin #1 and continue 


counterclockwise to pin #14 when viewed from top. 

. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix D after 
the product number. 


1.27 (.050) BSC 
8.75 (.344) 
8.55 (.337) 


50 (.020) |, 
25 (.010) 


(.061 + .008) 
1.55 + .20 | 


.49 (.019) .25 (010) (.007 +.003) 
.35 (.014) @] TIE |O@] 25 (.010) @ | .19 (.007) 180 + .07 


NOTES: 

1. Package dimensions conform to JEDEC specification 
MS-012-AC for standard small outline (SO) package, 16 
leads, 3.75mm (.150"') body width (issue A, June 1985). 

. Controlling dimensions are in mm. Inch dimensions in 

parentheses. 

. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
4.00 (.157) .'"'T', "D" and "'E" are reference datums on the molded 
—————_— ~~ 6.15 body and do not include mold flash or protrusions. Mold 
3.80 (.150) flash or protrusions shall not exceed .15mm (.006"') on 

-P{EO| .25 (.010) © | any side. 
. Pin numbers start with pin #1 and continue 
counterclockwise to pin #16 when viewed from top. 
. Signetics ordering code for a product packaged in a 
plastic small outline (SO) package is the suffix D after 
the product number. 


1.27 (.050) BSC 
10.00 (.394) 
9.80 (.386) 


IN .10 (.004) 


49 (.019) .25 (.010) (.007 + .003) 
35 (014) TOLTIE[OG) 25 (010) @ | ——— TST 


19 (.007) 


853-0005 88069 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 
SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA 


Package Outlines 


16-PIN PLASTIC SOL (D PACKAGE) (SOL-16, SOT-162A) 


NOTES: 
1. Package dimensions conform to JEDEC specification 
MS-013-AA for standard small outline (SO) package, 16 
leads, 7.50mm (.300'') body width (issue A, June 1985). 
. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
."T"', "D' and "'E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006"') on 
any side. 
7.60 (.299) 10.65 (.419) . Pin numbers start with pin #1 and continue 
7.40 (.291) 10.26 (.404) counterclockwise to pin #16 when viewed from top. 
; . Signetics ordering code for a product packaged in a 
P : : plastic small outline (SO) package is the suffix D after 
the product number. 


1.27 (.050) BSC 
10.50 (.413) .75 (.030) 


ee ———  X45° 
10.10 (.398) ie (020) *4° 


2.65 (.104) 


[T] 2.35 (.093 
(.093) 


[FY .10 (.004) | | 
49 (.019) .32 (.013) .30 (.012) 1.07 (.042) 
———_— T EXS) ‘ | pe ——=$— ————— 
35 (.014) iT El 25 (010) @ .23 (.009) 10 (.004) 0.86 (.034) 


853-0171 81218 


20-PIN PLASTIC SOL (D PACKAGE) (SOL-20, SOT-163A) 


iS] 
ad D©| .10 (.004) | NOTES: 
1. Package dimensions conform to JEDEC specification 
MS-013-AC for standard small outline (SO) package, 20 
leads, 7.50mm (.300'') body width (issue A, June 1985). 
. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
."T", "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006"') on 
any side. 
7.60 (.299) 10.65 (.419) . Pin numbers start with pin #1 and continue 
7.40 (.291) 10.26 (.404) counterclockwise to pin #20 when viewed from top. 
. Signetics ordering code for a product packaged in a 
$)E© .25 (,010) © plastic small outline (SO) package is the suffix D after 
the product number. 


i. (.050) BSC 


13.00 (.512) .75 (.030) 
12.60 (.496) 50 (.020) 


2.65 (.104) 
2.35 (.093) 


.49 (.019) 82 (.013) .30 (.012) 1.07 (.042) 
on aeimy Ls co 


853-0172 82948 
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Signetics Linear Products 


For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA RS SAU 


24-PIN PLASTIC SOL (D PACKAGE) (SOL-24, SOT-137A) 


P10 ©] .10 (,004) | NOTES: 
1. Package dimensions conform to JEDEC specification 
MS-013-AD for standard small outline (SO) package, 24 
leads, 7.50mm (.300'') body width (issue A, June 1985). 
. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 
. Dimensions and tolerancing per ANSI Y14.5M- 1982. 
."'T"', "D'" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006"') on 
any side. 
10.65 (.419) . Pin numbers start with pin #1 and continue 
10.26 (.404) counterclockwise to pin #24 when viewed from top. 
6. Signetics ordering code for a product packaged in a 


HP |E ©} .25 (.010) © plastic small outline (SO) package is the suffix D after 


the product number. 


.27 (.050) BSC 


15.60 (.614) .75 (.030) 


15.20 (.598) X45° 


2.65 (.104) 


EE ES ORT TEER 
WOT pons 


| 
2 ona 1 TE ]0 ©] 25 (010) @ | .32 (.013) .30 (.012) 1.07 (.042) 


.23 (.009) 10 (.004) 86 (.034) 
853-0173 82949 P0002218 


28-PIN PLASTIC SOL (D PACKAGE) (SOL-28, SOT-136A) 


He |D © .10 (.004) | NOTES: 


1. Package dimensions conform to JEDEC specification 
MS-013-AE for standard small outline (SO) package, 28 
leads, 7.50mm (.300'') body width (issue A, June 1985). 

. Controlling dimensions are in mm. Inch dimensions in 
parentheses. 

. Dimensions and tolerancing per ANSI Y14.5M- 1982. 

."'T"', "D" and "E" are reference datums on the molded 
body and do not include mold flash or protrusions. Mold 
flash or protrusions shall not exceed .15mm (.006"') on 
any side. 

7.60 (.209) 10.65 (.419) . Pin numbers start with pin #1 and continue 

7.40 (.291) 10.26 (.404) counterclockwise to pin #28 when viewed from top. 

Signetics ordering code for a product packaged in a 


+e |E ©] .25 (.010) © plastic small outline (SO) package is the suffix D after 


the product number. 


18.10 (.713) 
17.70 (.697) 


A TEL LALA LE TLE SAAT LIED EEO, 2.65 (.104) 
WII 
J 


49 (.019) 


35 (.014) +@| TE /D ©} .25 (.010) @ | 32 (.013) 30 (.012) 1.07 (.042) 


.23 (.009) -10 (.004) .86 (.034) 


853-0006 81217 
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For Prefixes HEF, OM, MEA, PCD, PCF, PNA, 


SAA, SAB, SAF, TBA, TCA, TDA, TDD, TEA Package Outlines 


40-PIN PLASTIC SO (VSO-40, SOT-158A) 


| 
| Wi. 
imin| 


i 5° pa 
SUULNAE 2 oy fee mes 


0. a ime 


se max ————+ 
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max ‘i cele am 
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Sales Offices 


SIGNETICS 
HEADQUARTERS 


811 East Arques Avenue 
P.O. Box 3409 
Sunnyvale, 
California 94088-3409 
Phone: (408) 991-2000 


ALABAMA 
Huntsville 
Phone: (205) 830-4001 


ARIZONA 
Phoenix 
Phone: (602) 265-4444 


CALIFORNIA 
Canoga Park 
Phone: (818) 340-1431 


Irvine 
Phone: (714) 833-8980 
(213) 588-3281 


Los Angeles 
Phone: (213) 670-1101 


San Diego 
Phone: (619) 560-0242 


Sunnyvale 
Phone: (408) 991-3737 


COLORADO 
Aurora 
Phone: (303) 751-5011 


FLORIDA 
Clearwater 
Phone: (813) 796-7086 


Ft. Lauderdale 
Phone: (305) 486-6300 


GEORGIA 
Atlanta 
Phone: (404) 953-0067 


ILLINOIS 
Itasca 
Phone: (312) 250-0050 


INDIANA 
Kokomo 
Phone: (317) 453-6462 


KANSAS 
Overland Park 
Phone: (913) 469-4005 


MASSACHUSETTS 
Littleton 
Phone: (617) 486-8411 


MICHIGAN 
Farmington Hills 
Phone: (313) 476-1610 


MINNESOTA 
Edina 
Phone: (612) 835-7455 
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NEW JERSEY 
Parsippany 
Phone: (201) 334-4405 


NEW YORK 
Hauppauge 
Phone: (516) 348-7877 


Wappingers Falls 
Phone: (914) 297-4074 


NORTH CAROLINA 
Cary 
Phone: (919) 481-0400 


OHIO 
Worthington 
Phone: (614) 888-7143 


OREGON 
Portland 
Phone: (503) 297-5592 


PENNSYLVANIA 
Plymouth Meeting 
Phone: (215) 825-4404 


TENNESSEE 
Greeneville 
Phone: (615) 639-0251 


TEXAS 
Austin 
Phone: (512) 339-9944 


Richardson 
Phone: (214) 644-3500 


CANADA 
SIGNETICS CANADA, LTD. 
Etobicoke, Ontario 

Phone: (416) 626-6676 


Nepean, Ontario 
Signetics, Canada, Ltd. 
Phone: (613) 726-9576 


REPRESENTATIVES 


ARIZONA 

Scottsdale 
Thom Luke Sales, Inc. 
Phone: (602) 941-1901 


CALIFORNIA 
Santa Clara 
Magna Sales 
Phone: (408) 727-8753 


CONNECTICUT 
Brookfield 
M & M Associates 
Phone: (203) 775-6888 


FLORIDA 

Clearwater 
Sigma Technical Associates 
Phone: (813) 791-0271 


Ft. Lauderdale 
Sigma Technical Associates 
Phone: (305) 731-5995 


ILLINOIS 

Hoffman Estates 
Micro-Tex, Inc. 
Phone: (312) 382-3001 


INDIANA 

Indianapolis 
Mohrfield Marketing Inc. 
Phone: (317) 546-6969 


IOWA 
Cedar Rapids 
J.R. Sales 
Phone: (319) 393-2232 


MARYLAND 

Glen Burnie 
Third Wave Solutions, Inc. 
Phone: (301) 787-0220 


MASSACHUSETTS 

Needham Heights 
Com-Sales, Inc. 
Phone: (617) 444-8071 
Kanan Associates 
Phone: (617) 449-7400 


MICHIGAN 

Bloomfield Hills 
Enco Marketing 
Phone: (313) 642-0203 


MINNESOTA 

Eden Prairie 
High Technology Sales 
Phone: (612) 944-7274 


MISSOURI 
Bridgeton 

Centech, Inc. 

Phone: (314) 291-4230 
Raytown 

Centech, Inc. 

Phone: (816) 358-8100 


NEW JERSEY 

East Hanover 
Emtec Sales, Inc. 
Phone: (201) 428-0600 


NEW MEXICO 
Albuquerque 

F.P. Sales 

Phone: (505) 345-5553 


NEW YORK 

Ithaca 
Bob Dean, Inc. 
Phone: (607) 257-1111 


OHIO 
Cleveland 
Covert & Newman 
Phone: (216) 663-3331 
Dayton 
Covert & Newman 
Phone: (513) 439-5788 
Worthington 
Covert & Newman 
Phone: (614) 888-2442 
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OKLAHOMA 

Tulsa 
Jerry Robinson and 
Associates 
Phone: (918) 665-3562 


OREGON 

Hillsboro 
Western Technical Sales 
Phone: (503) 640-4621 


PENNSYLVANIA 
Pittsburgh 
Covert & Newman 
Phone: (412) 531-2002 


Willow Grove 
Delta Technical Sales Inc. 
Phone: (215) 657-7250 


UTAH 

Salt Lake City 
Electrodyne 
Phone: (801) 486-3801 


WASHINGTON 

Bellevue 
Western Technical Sales 
Phone: (206) 641-3900 


Spokane 
Western Technical Sales 
Phone: (509) 922-7600 


WISCONSIN 
Waukesha 
Micro-Tex, Inc. 
Phone: (414) 542-5352 


CANADA 

Burnaby, British Columbia 
Tech-Trek, Ltd. 
Phone: (604) 439-1367 


Mississauga, Ontario 
Tech-Trek, Ltd. 
Phone: (416) 238-0366 


Nepean, Ontario 
Tech-Trek, Ltd. 
Phone: (613) 726-9562 


Richmond, British Columbia 
Tech-Trek, Ltd. 
Phone: (604) 271-3149 


Ville St. Laurent, Quebec 
Tech-Trek, Ltd. 
Phone: (514) 337-7540 
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DISTRIBUTORS 
Contact one of our 
local distributors: 
Anthem Electronics 
Arrow Electronics 
Avnet Electronics 
Hamilton/Avnet Electronics 
Lionex Corporation 
Schweber Electronics 
Summit Distributors 
Quality Components 
Wyle LEMG 
Zentronics, Ltd. 


FOR SIGNETICS 
PRODUCTS 
WORLDWIDE: 


ARGENTINA 

Philips Argentina S.A. 
Buenos Aires 
Phone: 54-1-541-7141 


AUSTRALIA 
Philips Electronic 
Components and Materials, 
Ltd. 

Artarmon, N.S.W. 

Phone: 61-2-439-3322 


AUSTRIA 
Osterrichische Philips 
Bauelemente 

Wien 

Phone: 43-222-62-91-11 


BELGIUM 

N.V. Philips & MBLE 
Bruxelles 
Phone: 32-2-5-23-00-00 


BRAZIL 

Philips Do Brasil, Ltda. 
Sao Paulo 
Phone: 55-11-211-2600 


CHILE 

Philips Chilena S.A. 
Santiago 
Phone: 56-02-077-3816 


COLOMBIA 

Iprelenso, Ltda. 
Bogota 
Phone: 57-1-2497624 


Effective 4-14-87 
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DENMARK 

Miniwatt A/S 
Copenhagen S 
Phone: 45-1-54-11-33 


FINLAND 

Oy Philips Ab 
Helsinki 
Phone: 358-0-172-71 


FRANCE 
R.T.C. La Radiotechnique- 
Compelec 

Paris 

Phone: 33-1-43-38-80-00 


GERMANY 
Valvo 
Hamburg 
Phone: 49-40-3-296-1 


GREECE 

Philips Hellenique S.A. 
Athens 
Phone: 30-1-9-21-5111 


HONG KONG 

Philips Hong Kong, Ltd. 
Kwai Chung 
Phone: 852-0-245-121 


INDIA 
Peico Electronics & Elect. 
Ltd. 

Bombay 

Phone: 91-22-493-8721 


INDONESIA 

P.T. Philips-Ralin Electronics 
Jakarta Selatan 
Phone: 62-21-512-572 


IRELAND 

Philips Electrical Ltd. 
Dublin 
Phone: 353-1-69-33-55 


ISRAEL 

Rapac Electronics, Ltd. 
Tel Aviv 
Phone: 972-3-477115 


ITALY 
Philips S.p.A. 
Milano 
Phone: 39-2-67-52-1 


JAPAN 

Nikon Philips Corp. 
Tokyo 
Phone: 81-3-448-5617 

Signetics Japan Ltd. 
Phone: 81-3-230-1521/2 


KOREA 
Philips Industries, Ltd. 
Seoul 
Phone: 82-2-794-5011/2/3 
/4/5 


MEXICO 

Electronica S.A. de C.V. 
Toluca 
Phone: (721) 613-00 


NETHERLANDS 
Philips Nederland B.V. 
Eindhoven 
Phone: 31-40-793-333 


NEW ZEALAND 

Philips New Zealand Ltd. 
Auckland 
Phone: 64-9-605914 


NORWAY 

Norsk A/S Philips 
Oslo 
Phone: 47-2-68-02-00 


PERU 
Cadesa 
Lima 
Phone: 51-14-319253 
PHILIPPINES 
Philips Industrial Dev., Inc. 


Makati 
Phone: 63-2-868951-9 


PORTUGAL 

Philips Portuguesa SARL 
Lisbon 
Phone: 351-1-65-71-85 


SINGAPORE 


Philips Project Dev. Pte., Ltd. 


Singapore 
Phone: 65-350-2000 


SOUTH AFRICA 
E.D.A.C. (PTY), Ltd. 
Joubert Park 
Phone: 27-11-402-4600 
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SPAIN 
Miniwatt S.A. 
Barcelona 
Phone: 34-3-301-63-12 


SWEDEN 

Philips Komponenter A.B. 
Stockholm 
Phone: 46-8-782-10-00 


SWITZERLAND 
Philips A.G. 
Zurich 
Phone: 41-1-488-2211 


TAIWAN 

Philips Taiwan, Ltd. 
Taipei 
Phone: 886-2-712-0500 


THAILAND 

Philips Electrical Co. 

of Thailand Ltd. 
Bangkok 
Phone: 66-2-233-6330-9 


TURKEY 
Turk Philips 
Ticaret A.S. 
Istanbul 
Phone: 90-11-43-59-10 


UNITED KINGDOM 
Mullard, Ltd. 

London 

Phone: 44-1-580-6633 


UNITED STATES 

Signetics International Corp. 
Sunnyvale, California 
Phone: (408) 991-2000 


URUGUAY 
Luzilectron, S.A. 
Montevideo 
Phone: 598-91-56-41/42 
1/43/44 


VENEZUELA 
Magnetica, S.A. 
Caracas 
Phone: 58-2-241-7509 


signeftics 
a subsidiary of U.S. Philips Corporation 
Signetics Corporation 

814 E. Arques Avenue 

P.O. Box 3409 


Sunnyvale, California 94088-3409 
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© Copyright 1987 Signetics Corporation 
98-2000-060 Printed in USA6132/RRD/40MFP0487 
880 pages 


